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PREFACE. 



While we have recent and improved systems of G^graphy, of Arith- 
metic, and of Grammar, in ample variety, -and Reading and Spelling Books 
in corresponding abundance, many of which show our advancement in 
the science of education, no one has offered to the public, for the use of 
our schools, any new or improved system of Natural Philosophy. And 
yet this is a branch of education very extensively studied at the present, 
time, and probably would be much more so, were some of its ports so ex- 
plained and illustrated as to make them more easily understood. 

The author therefore undertook the following work at the suggestion of 
several eminent teachers, who for years have regretted the want of a book 
on this subject, more familiar in its explanations, and more ample in its 
details, than any now in commcm use. 

The Conversations on Natural Philosophy, a foreign work now exten- 
sively used in schools, though beautifully written, and often highly inter- 
esting, is, on the whole, considered by most instructors as exceedingly 
deficient^particularly in wanting such a method in its explanations, as to 
convey to the mind of the pupil precise and definite ideas ; and also in 
the omission of many subjects, in themselves most useful to the student, 
and at the same time most easily taught. 

It is also doubted by many instructors, whether Conversations is the 
best form for a book of ^instruction, and particularly on the several sub- 
jects embraced in a system of Natural Philosophy. Indeed, those whc 
have had most experience as teachers, are decidedly of the opinion that 
it is not ; and hence we learn, that in those parts of Europe where the 
subject of education has received the most attention, and consequently 
where the best methods of conveying instruction are supposed to have 
been adopted, school books in the form of conversations are at present en- 
tirely out of use. 

The author of the following system hopes to have illustrated and ex- 
plained most subjects treated of, in a manner so familiar as to be under- 
stood by the pupil, without requiring additional diagrams, or new modes 
of explanations from the teacher. 

Every one who has attempted to make himself master of a difficult 
proposition by means of diagrams, knows that the great number of letters 
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of reference with which they are sometimes loaded, is often the most per- 
plexing part of the subject, and particularly when one figure is made to 
answer several purposes, and is placed at a distance from the explanation. 
To avoid this difficulty, the author has introduced additional figures to 
illustrate the different parts of the subject, instead of referring back to for- 
mer ones, so that the student is never perplexed with many letters on any 
one figure. The figures are also placed under the eye, and in inunediate 
connexion with their descriptions, so that the letters of reference in the 
text, and those on the diagrams, can be seen at the same time. In respect 
^to the language employed, it has been the chief object of the author to 
make himself understood by those who know nothing of mathematics, and 
who indeed had\no previous knowledge of Natural Philosophy. Terms 
of science have therefore been as much as possible avoided, and when 
used, are explained in connexion with the subjects to which they 
belong, emd it is hoped, to the comprehension of common readers. This 
method was thought preferable to that of adding a Glossary of scientific 
terms. 

The author has also endeavored to illustrate the subjects as much as 
possible by means of common occurrences, or common things, and in tliis 
manner to bring philosophical truths as much as practicable within ordi- 
nary acquirements. It is hoped, therefore, that the practiced mechanic 
may take some useful hints concerning his business, from several parts of 
the work. 

Hartford, May^ 1830. 
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RECOMMENDATIONS. 



The attention of Teaehere, and other gentUmen interetted in eduecuion, i$ rept—t* 
ed, to the/qflowing noticee of thie ** System of'PhHoeqphy,** tohich are from the 
moat reeptctable sources: 

From John Griseomf LL. D. Principal of the Neto- York High School. 

New- Yorkf June 19lh, 183a 

ESTBBXISD FrIBND, 

I have received and examined thy book on Natural Philosophy, with much satis* 
faction ; I have no hesitation In saying, that I consider it better adapted to the pur* 
poses of School Instruction, than any of the Manuals hitherto in use with which I am 
acquainted. The amiable author of the Conversations threw a charm over the dif* 
ferent subjects which she has treated of, by the interlocutory style which she adopted, 
and thus rendered the private study of those Sciences more attractive ; but this style 
or manner, being necessarily difilise, is not so well adapted to the didactic forms of 
instruction pursued in Schools. Hence also, more matier can be introduced withhi 
the same compass, and I find, on comparing thy volume with either of the editions 
of the ConvereaticMiii now in uso, that the former Is much better entitled to the ap- 
pellation of a System of Natural Philosophy, than^ the latter. Tlie addition also of 
E.ectrieity and Magnetism, is by no means unimportant In a course of instruction in 
the Physical Seieoees. 

I am, With great respect, JOHN GRISCOM. 

P. S. I have recommended thy book to all the pupils of our High School, who a^* 
tend to Natural Philosophyi and it is the only Book which we shall now use as a Class 
Book. 

From EL Potter, Professor of Mathematics and Natural Philosophy ^ in Washing- 
ton College, Hartford, Conn* 
Dhar Sir, 
I have examined a portion of your work on Natural Philosophy, and am happy U 
say that I am, in general, well pleased with the plan you have adopted. With the 
exception of a few errors, which will doubtless be corrected in a subsequent edition, 
your mode of treating your subjects seems to be sufficiently scientific for a work so 
very elementary in its character — and at the same time, it is so popular, as to present 
flQW difficulties to exit uneducated person of ordinary understandteg. The diagrams 
axe genezally well drawn, and the plan of introducing them on the same page with 
the explaaatioo, will contributs greatly to the comfort and advantage of your readers. 

Very truly Yours, H. POTTER. 

Dbi J. L. CoMBvees. 
Washington^ College^ July I, 1830* 
From the Right Rev. T. C, BrotoneU, D. D., LL. D., Preeident of Washington 

College. 
From a euzsoxy examination of the work, I willingly concur in the above recom 
mendation. I know of no similar Book, which, for plan and arrangement, is so well 
calculated for the use of Schools. T. C. BROWNELL. 

DjEk J. L. COMSTOCR. 

1* 
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DK. COMITOGX, 

I have examined your Treatise on Natand Philosophy with consfderable attention, 
havios used it aa a Text Book in the Grammar School, immediately on its pablica> 
tion. With this knowledge of its contents, I have no hesitation in pronouncinf it tne 
beet work on this subject, for the use of Schools and Academies, with which I am 
acquainted, and therefore hope to see it extensively introduced. 

E. P. BARROWS, 
Principal Hartford Grammar School 
Hartfordt June 26, 183a 

Db. Coxstock, 

Dear A'r,— I have carefully examined your System of Natural PhilcBophy, and am 
of opinion that it Is far superior to any work of tlie kind now in use. As particular 
excellencies of this System, I would mention Its happy illustnitfons— the perspicuity, 
variety, arranfement, and originality of its diagrams, and the addition of much new, 
interesting, and useful matter. It appears, indeed, to have been a principal object 
with you, to give the Student correct and d^nite ideas, and in this attempt I tliink 
you have been peculiarly successful. I have been highly pleased with the work my 
self, and can heartily recommend it to the attention and patronage of the public. 

OUVER HOt-SON, 
Principal of the Select School 
Hartford, June 1, 1330. 
fYom the Teacher of MathenuUica and Natural Philoeophy in the High School, at 

EUingt<mt Conn, 
Dear Sir,—! have examined your " System of Natural Philosophy," and used it as 
a text-book for one ciass. I consider it better adapted to the purposes of eleqientary 
instruction than any work of a shnilar kind with which I am at present acqnamted. 

ZEBULON CROCKER. 
Ellington Sehool, Aug. 10, 1830. 

GOMTLSacSN, 

I have examined "Comstoek's Natural Philosophy," and think it Is a book excel- 
lently adapted to communicate a competent knowledge of the various subjects cm 
which it treats. It does not enter into that depth of Sdentifical and Mathematical 
illustration, of which the subjects are susceptible; but it illustrates. In a familiar way, 
most of the principles of Natural Philosophy, and is enriched with a statement ot 
practical details in that science. It Is a book well calculated to be highly useful In 
our Schools and Academies. 

Most respectfully Yours, Ac. ROBERT BRUCE, 

President ofWeatem Uhivereity, Penn. 

GiWTLBXBN, 

1 have examined many of those Treatises of Natural Philosophy that have been pre- 
pared for the younger classes of Students— Dr. Comstock approaches more nearly to 
the idea I have formed of what such a work should be, than any I have met vrith. It 
is rich in Philosophical facts, its explanations are popular, its illustrations practical, 
and its language perspicuous. It Is perfoptly adapted to those students at school that 
do not take an extensive course of Mathematics, and to those that do^ it will serve the 
important purpose of on Introduction. 

Youn, respectfally, J. H. FIELDING, 

Pretident qfMadieon College* 
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NATURAL PHILOSOPHY. 



THE PROPERTIES OF BODIES. 



. A Body is any substance of which we can gain a know- 
ledge by our senses. Hence air, water, and earth, in all their 
modifications, are called bodies. 

There are certain properties which are common to all bo- 
dies. Tliese are called the essential properties of bodies. 
They are Impenetrability, Extension, Figure, Divisibility, 
Inertia, and Attra<;tion, 

Impenetr ability, — By impenetrability, it is meant that two 
bodies cannot occupy the same space at the same time, or, 
Lhat the ultimate particles of matter cannot be penetrated. 
Thus, if a vessel be exactly filled with water, and a stone, or 
any other substance heavier than water, be dropped into it, a 
quantity of water will overflow, just equal to the size of the 
neavy body. This shows that the stone only separates or dis- 
places the particles of water, and therefore that the two sub- 
stances cannot exist in the same place at the same time. If a 
glass tube open at the bottom, and closed with the thumb at 
ic top, be pressed down into a vessel of water, the liquid will 
not rise up and fill the tube, because the air already in the 
tube resists it ; but if the thumb be removed, so that the ait 
can pass out, the water will instantly rise as high on the inside 
of the tube as it is on the outside. This shows that the air is 
impenetrable to the water. 

What is a body 7 Mentioa several bodies. What are the essential pio- 
(lerties of bodies ? What is meant by impenetrability 7 How is it proved 
hat air and water are impenetrable 7 
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If a naO be driven into a board, in common language, it is 
said to penetrate the wood, but in the language of philosophy, 
it only separates, or displaces the particles of the wood. The 
same is the case, if the nail be dnven into a piece of lead ; 
the particles of the lead are separated from each other, and 
crowded together, to make room for the harder body, but the 
particles themselves are by no means penetrated by the nail. 

When a piece of gold is dissolved in an acid, the particles 
of the metal are divided, or separated from each other, and 
diffused in the fluid, but the particles of gold are supposed 
still to be entire, for if the acid be removed, we obtain the gold 
again in its solid form, just as though its particles had never 
been separated. 

Extension. — Every body, however small, must have length, 
breadth, and thickness, since no substance can exist without 
them. By extension, therefore, is only meant these qualities. 
Extension has no respect to the size, or shape of a body. The 
size and shape of a block of wood a foot square is quite dif- 
ferent from that of a walking stick. But they both equally 
possess length, breadth, and thickness, since the stick migtit 
be cut into little blocks, exactly resembling in shape the 
lar^e one. And these little cuoes might again be divided 
until they were only the hundredth part of an inch in diame* 
ter, and still it is obvious, "that they would possess length., 
breadth, and thickness, for they could yet be seen, felt, and 
measured. But suppose each of these uttle blocks to be again 
divided a thousand times, it is true we could not measure them, 
but still they would possess the quality of extension, as really 
as they did before division, the only difference being in respecl 
to dimensions. 

Figure, or form, is the result of extension, for we canno 
conceive that a body has length and breadth, without its also 
having some kind of figure, however irregular. 

Some solid bodies have certain or determinate forms, 

which are produced by nature, and are- always the same, 

wherever they are found. Thus a crystal of quartz has six 

sides, while a garnet has twelve sides, these numbers being 

■I '■ I 1 1 ■ I ■ 1 1 I 1 1 ■■■■ 

"When a nail b driven into a board or piece of lead, are the particles o« 
these bodies penetrated or separated 7 Are the particles cf gold dissolved, 
or only separated by the acid 1 What is meant by extension 1 In how 
many directions do bodies possess extension 1 Of what is figure, or form, 
the result 1 Po all bodies possess fi^ruie ? What solids are regular in theii 
formal 
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invariable. Some solids are so irreffular, that they cannot 
be compared with any mathematical n^re. This is the case 
with the fragments of a broken rock, chips of wood, fractured 
glass, d&c 

Fluid bodies have no determinate forms, but take their 
shapes from the vessels in which they happen to be placed. 

Dtvisibility. — By the divisibility of matter, we mean that 
a body may be divided into parts, and that these parts may 
again be divided into other parts. 

It is quite obvious, that if we break a piece of marble into 
two parts, these two parts may again be divided, and that the 
process of division may be continued until these parts are so 
small as not individually to be seen or felt. But as every body, 
however small, must possess extension and form, so we can 
conceive of none so minute but that it may amn be divided. 
There is, however, possibly, a limit, beyond which bodies 
cannot be actually divided, for there may be reason to beHeve 
that the atoms of matter are indivisible by any means in our 
power. But imder what circumstances this takes place, or 
whether it is in the power of man during his whole life, to 

Eulverize any substance so finely, that it may not again be 
rokcn, is unknown. 

We can conceive, in some degree, how minute must be the 
particles of matter, from circumstances that every day come 
within our knowledge. 

A single grain of musk will scent a room for years, and 
still lose no appreciable part of its weight. Here, the particles 
of musk must be floating in the air of every part of the room, 
otherwise they could not be every where perceived. 

Gold is hammered so thin, as to take 282,000 leaves to make 
an inch in thickness. Here^ the particles still adhere to each 
other, notwithstanding the great surface which they cover, — a 
single ^rain being si^cient to extend over a surface of fifty 
square inches. 

The ultimate particles of matter, however widely they may 

, be diffused, are not individually destroyed, or lost, but under 

certain circumstances, may again be collected into a body 

What bodies are irregular 1 What is meant by divisibility of matter 1 Is 
there any limit to the divisibility of matter 7 Are the atoms of matter di- 
visible 7 Wliat examples are. given of the divisibility of matter 1 How 
many leaves of gdd d^ it take to make an inch in tmckneas 1 How ma- 
ny square inches may a grain of gold be made to cover? 
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wiUiout change of fonn. Mercury, water, and many other 
substances, may be cdnv^erted into vapor, or distilled in close 
vessels, without any of their particles being lost In sucb 
cases, there is no decomposition of the substances, but only a 
change of form by the heat, and hence the mercury and wa- 
ter assume their original state again on cooling. 

When bodies suffer decomposition or decay, their elemei> 
tary particles, in like manner, are neither destroyed nor lost, 
but only enter into new arrangements, or combinations with 
other bodies. 

When a piece of wood is heated in a close vessel, such as a 
retort, we obtain water, an acid, several kinds of ^as, and 
there remains a black, porous substance, called charcoaL 
The wood is thus decomposed, or destroyed, and its parti- 
cles take a new arrangement, and assume new forms, but 
that nothing is lost is proved by the fact, that if the water, 
acid, gases,' and charcoal be collected and weighed, they will 
be found exactly as heavy as the wood was, before distilla- 
tion. 

Bones, flesh, or any animal substance, may in the sanM 
manner be made to assume new forms, without losing a par- 
ticle of the matter which they originally contained. 

The decay of animal or vegetable bodies in the open aiA 
or in the ground, is only a process by which the particles of 
which they were composed, change their places, and assume 
new forms. 

The decay and decomposition of animals and vegetables on 
the surface of the Ear«h form the soil, which nourishes the 
growth of plants and other vegetables ; and these, in their 
turn, form the nutriment of animals. Tims is there a per- 
petual change from death to life, and from life to death, and 
as constant a succession in the forms and places, which the 
particles of matter assume. Nothing is lost, and not a parti- 
cle of matter is struck out of existence. The same matter of 
which every living animal, and every vegetable was formed, 
before and since the flood, is still in existence. As nothing is 
lost or annihilated, so . it is probable that nothing has been 
added, and that we, ourselves, are composed of particles of 

Under what circumstances may the particles of matter a^ain be collected 
in their original form 1 When liodies suffer decay, are their particles lost 1 
What becomes of the particles of bodies which decay 1 Is it {)robable thai 
any matter has been annihilated or added, since the first creation 1 
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matter as old as the creation. In time, we must, in our turn, 
sutler decomposition, as all forms have done before us, and 
thus resign the matter of which we are composed, to form new 
existences. 

Inertia. — ^Inertia means passiveness or want of power. 
Thus matter is, of itself, equally incapable of putting itself in 
motion, or of bringing itself to rest wiien in motion. 

It is plain that a rock on the surface of the earth, never 
changes its position in respect to other things on the earth. 
It has of itself no power to move, and would, therefore, for ever 
lie still, unless moved by some external force. This &ct is 
proved by the experience of every person, for wo see the same 
objects lying in the same positions all our lives. Now, it is 
just as true, that inert matter has no power to bring itself to 
rest, when once put in motion, as it is, that it cannot put it- 
self in motion, wiien at rest, for having no life, it is perfectly 
passive, both to motion and rest, and therefore either state de- 
pends entirely upon circumstances. 

Common experience proving that matter docs not put itself 
in motion, we mi^ht be led to believe, that rest is the natural 
state of all inert bodies, but a few considerations will show, 
that motion is as much the natural state of matter as rest,^and 
that either state depends on tlie resistanee, or \mpulse, of ex- 
ternal causes. 

If a cannon ball be rolled upon the ground, it will soon 
cease to move, because the ground is rou^h, and presents im- 
^/ediments to its motion ; but if it be rolled on the ice, its mo- 
tion will continue much longer, because there are fewer im- 
pediments, and consequently, the same force of impulse will 
carry it much farther. We see from this, that with the same 
impulse, the distance to which the ball will move must depend 
on the impediments it meets with,«or the resistance it has to 
overcome. But suppose that the ball and ice were both so 
smooth as to remove as much as possible the resistance caused 
by friction, then it is obvious that the ball would continue to 
move longer, and go to a greater distance. Next suppose we 
avoid the friction of the ice, and throw the ball through the 
air, it would then continue in motion still longer with the same 

What is gaid of the particles of matter of which we are madel What 
lotss iiiertia mean 1 Is rest or motion the natural state of matter? Why 
ioes the ball roll &rther on the ico than on the ground 1 What does this 
prove 1 

2 
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diui tkeair sHi ke. tmd therr k now Bochin^ to oppose 
its I iiwiiiMil niotioB,. excepc die icsstaraee ot' tbe ur, iwi ils own 
woeht, or sraTitT. 

tf dfeeairliecxliMEsted. or ponped ovc of > hjmI by means 
y{ sn air pomp, and a comiDoa top. iridi a sosalL bard point, 
be set in mocioB in it. ibe top will coounne to spin tor boois* 
because tbe air does not res^ its znodon. A pendolnm, set 
in motion, in an exbaosted TcsseL will coDOnne to swin^, witk- 
oiK tbe belp of clock work. tV>r a whole day, because tbeie is 
notbinff to resist its perpetual motion^ bat die small friction at 
tbepoint wbeie it is suspended. 

We see, then, that it is the resistance of tbe air. of friction, 
and of giaTitTf wbicb cause bodies once in motion to cease 
moring, or come to rest, and that dead matter of itsel( is 
eqnallj incapable of causing its own motion, or its own 
rest. 

We bare perpetual examples of the truth of this doctrine, 
in tbe moon, and other planets. These Tast bodies more 
tbrongb spaces which are roid of the obstacles of air and fric- 
tion, and their motions are the same that they were thoosands 
of jears ago, or at the beoinning of creation. 

Attraction. — 9y attraction is meant that property, or quality 
in the particles of bocbes, which make them tend toward each 
other. 

We know that sabstances are composed of small atoms, or 
particles, of matter, and that it is a coUection of these, united 
toj^ether, that forms all the objects with which we are acquaint- 
ea. Now, when we come to divide, or separate any substance 
Into parts, we do not find that its particles have been united, 
or kept together by glue, little nails, or any such mechajoical 
means, but that they clin^ together* by some power, not obvi- 
ous to our senses. This power we call attraction, but of its 
nature or cause, we are entirely ignorant Experiment and 
observation, however, demonstrate, that this power pervades 
all material things, and that under different modifications, it 



Why, with the Mtne £i>rce of projection, will a ball move farther through 
the air than on the ice 1 Wh^ willa top spin, or a peodulum swing longer, 
in an exhausted vessel than in the air 7 What are the causes wMch re* 
•ist the perpetual motion of bodies 1 Where have we an example of 
oontlnuwl motion, without the existence of air and fHctioa;^ What is meant 
by tttrtction 7 What is known about the cause of attnu^on 7 Is attraction 
6mnuion to all kinds of matter, ornot 7 
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not only makes the particles of bodies adhere to each othf fy 
but is the cause which keeps the planets in* their orbits as they 
pass through the heavens. 

Attraction has received different names, according to the 
circumstances under which it acts. 

The force which keeps the particles of matter together, to 
form bodies, or masses, is called attraction of cohesion. That 
which inclines different masses towards each other, is called 
attraction of gravitation. That which causes liouids to rise 
in tubes, is called capillary attraction. That which forces the 
particles of substances of different kinds to unite, is known 
under the name of chemical attraction. That which causes 
the needle to point constantly towards the poles of the earth 
is magnetic attraction ; and that which is excited by friction 
in certain substances, is known by the name of electrical at" 
traction. 

The following illustrations, it is hoped, will make each kind 
of attraction distinct and obvious to tne mind of the student. 

Attraction of cohesion acts only at insensible distances, as 
when the particles of bodies apparently touch each other. 

Take two pieces of lead, of a round form, an inch in diame- 
ter, and two inches long ; flatten one end of each, and make 
through it an eye-hole for a string. Make the other ends of 
each as smooth as possible, by cutting them with a sharp 
knife. If now the smooth surfaces be brought together, 
with a slight turning pressure, they will adhere with such 
force that two men can hardly pull them apart by the two 
strings. 

In like manner, two pieces of plate glass, when their surfa- 
ces are cleaned from dust, and they are pressed together, will 
adhere with considerable force. Other smooth substances 
present the same phenomena. 

This kind of attraction is much stronger in some bodies 
than in others. Thus, it is stronger in the metals than in most 
other substances, and in some of the me^s it is stronger 
than in others. In general, it is most powerful among tne 
l>articles of solid bodies, weaker among those of liquids, and 

• 

^ What effect does this power have upon the planets 1 Why has attrac- 
tion received different names ? How many kinds of attraction are there 7 
"How does the attraction of cohesion operate? What is meant hy attraction 
of gravitation % What by capillary attraction 1 What hj chemical attnuv 
tion 1 What is that which makes the needle point towards the pole 1 How 
is electrical attraction excited 7 Give an example of cohMive attraction. 
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probably entirely wanting among elastic floida, aueh as air, and 
thejrases. 

Thus, a small iron wire will hold a suspended weight ol 
many pounds, without having its particles separated ; the par- 
ticles of water are divided by a very small force, while those 
of air, are still more easily moved among each other. These 
different properties depend on the force of cohesion with which 
the several particles of these bodies are united. 

When the particles of fluids are left to arrange themselves 
according to tne laws of attraction, the bodies wmch they com- 
pose assume the form of a globe or ball. 

Drops of water thrown on an oiled surface or on wax — glo- 
bules of mercury, — ^hail stones, — a drop of watrr adhering to 
the end of the nnger, — tears running down the cheeks, and 
dew drops on the leaves of plants, are all examples of this la^^ 
of attraction. The manufacture of shot is also a striking illus- 
tration. The lead is melted and poured into a sieve, at the 
height of about two hundred feet from the ^ound. The 
stream of lead immediately after leaving the sieve, separates 
into round globules, which, before they reach the ground, are 
cooled and become solid, and thus are formed the snot used by 
sportsmen. 

To account for the globular form in all these cases, we have 
only to consider that the particles of matter are mutually at- 
tracted towards a ox)mmon centre, and in liquids being free to 
move, they arrange themselves accordingly. 

In all figures except ihc globe, or ball, some of the particles 
must be nearer the centre than others. But in a body that is 
perfectly round, every part of the outside is exactly at the same 
diiitance from the centre. 



Pig. 1. 




Thus the comers of a cube, or square, are 
at much greater distances from the centre, 
than the sides, while the circumference of 
a circle or ball is every where at the same 
distance from it This difference is shown 
by fig. 1, and it is quite obvious, that il the 
particles of matter are equally attracted to- 
wards the common centre, and are free to 
arrange themselves, no other figure could 



In what substances is oohcsiye attractioii the strongest 1 In what sub- 
stances is it weakest 1 Why are the particles of fluids more easily separated 
than thofw of solids 1 
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possibly be formed, since then erery part of the outride is 
equally attracted. 

The sun, earth, moon, uid indeed all the heavenly bodies, 
are illustrations of this law, and tlierefore were probably in so 
soA a state when first formed, as to allow their particles freely 
to arrange themselves accordingly. 

Attraction of gravitation. — ^As the attraction of cohesion 
unites the particles of matter into masses or bodies, so the 
attraction of gravitation tends to force these masses towards 
each other, to form those of still greater dimensions. The 
term gravitation, does not here strictly refer to the weight of 
bodies, but to the attraction of the masses of matter towards 
each other, whether downwards, upwards, or horizontally. 

The attraction of gravitation is mutual, since all bodies not 
only attract other bodies, but are themselves attracted. 

Fig. 2. Two cannon balls, when suspended by long cords, 
so as to hang quite near eacli other, are found to 
exert a mutual attraction, so that neither of the 
cords is exactly perpendicular, but they approach 
each other, as in fig. 2. 

In the same manner, the heavenly bodies, 
when they approach each other, are drawn out of 
the line of their paUis, or orbits, by mutual at- 
traction. 

The force of attraction increases in proportion 
as bodies approach each other, and by the same 
law it must diminish in proportion as they recede 
from each other. 

U Attraction, in technical language, is inversely 
as the squares of the distances l^tween the two 
bodies. That is, in proportion as the square of 
the distance increases, in the same proportion at- 
traction decreases, and so the contrary. Thus, if at the dis- 
tance of 2 feet, the attraction be equal to 4 pounds, at the 




What fonn do fluidB take, when their particles are left to their own 
arrangement? Give examples of this law. How is the glohular form 
which liquids assume, accounted for ? If the particles of a body are free 
to move, and are equally attracted towards the centre, what must be its 
figure 1 Why must the figure be a globe 1 What great natural bodies 
are examples of this law? What is meant by attraction of gravitation 1 
Can one body attract another without being itself attracted? How is it 
proved diat bodies attract each other? By TOat law, or nde, does the fines 
of attraction increase? 
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distance of 4 feet, it will be only 1 pound ; for the square of 2 is 
4, and the square of 4 is 16, which is 4 times the square of d. 
On the contrary, if the attraction at the distance of 6 feet be 3 
pounds, at the distance of 2 feet it will be 9 times as much, or 
27 pounds, because 36, tlie square of 6, is equal to 9 times 4, 
the square of 2. 

The intensity of light is found to increase and diminish in 
the same proportion. Thus, if a board a foot square, be placed 
at the distance of one foot from a candle, it will be found to 
hide the liffht from another board of two feet square, at the 
distance of two feet from the candle. Now a board of two feet 
square is just four times as large as one of one foot square, 
and therefore the liffht at double the distance being spread 
over 4 times the suruice, has only one fourth the intensity. 

Pig. 3. This experiment 

may be easily tried, 
or may be readily 
understood by fig. 
3, where c repre- 
sents the candle, A 
the small board, 
and B the large 
one ; B being four times the size of A. 

The force of the attraction of grayitation, is in proportion 
io the quantity of matter the attracting body contains. 

Some bodies of the same bulk contain a much greater quan- 
tity of matter than others : thus, a piece of lead contains about 
twelve times as much matter as a piece of cork of the same 
dimensions, and therefore a piece of lead of any given size, 
and a piece of cork twelve times as large, will attract each 
other equally. 

Capillairy Attraction. — ^The force by which small tubes, oi 
porous substances, raise liquids above their levels, is called 
capillary attraction. 

if a small glass tube be placed in water, the water on the 
inside will be raised above the level of that on the outside ol 




Give an example of this rule. How is it shown that the intensity ot 
light increases and diminishes in the same proportion as the attraction of 
matter t Do bodies attract in proportion to bulk, or quantity of matter 1 
What would be the difference of attraction between a cubic inch of lead, 
and a cubic inch of corki Whv would there be so much difference 1 
What is meant by capillaiy attraction 1 How is this kind of attraction il- 
lustrated with a glass tube? 
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Jtie tube. The cause of this seems to be nothing more than 
the ordinary attraction of the particles of matter for each other. 
The Mdes of a small orifice are so near each other, as to at- 
tract the particles of the fluid on their opposite sides, and as 
all attraction is strongest in the direction of the greatest quan- 
tity of matter, the water is raised upwards, or in the direction 
of the le&ffth of the tube. On the outside of the tube, the O])- 
posite surfaces, it is obvious, cannot act on the same column 
of water, and therefore the influence of attraction is here hard- 
ly perceptible in raisinff the fluid. This seems to be the rea- 
son why the fluid rises higher on the inside than on the outside 
of the tube. 

A great variety of porous substances are capable of this kind 
of attraction. If a piece of sponge or a lump of sugar be 
placed, so that its lowest corner touches the water, the fluid 
will rise up and wet the whole mass. In the same manner, 
the wick of a lamp will carry up the oil to supply the flame, 
though the flame is several inches above the level of the oil. 
If the end of a towel happens to be left in a basin of water, it 
will empty the basin of its contents. And on the same princi- 
ple, when a dry wedge of wood is driven into the crevice of a 
rock, and afterwards moistened with water, as when the rain 
falls upon it, it will absorb the water, swell, and sometimes 
split the rock. In Germany, mill-stone quarries are worked in 
this manner. 

. Chemical attraction takes place between the particles of 
substances of diflerent kinds, and unites them into one com- 
pound. 

This species of attraction takes place only between the 
particles of certain substances, and is not, therefore, a univer- 
sal property. It is also known under the name of chemical 
affinity, because it is said, that the particles of substances hav- 
ing an affinity between them, will unite, while those having no 
affinity for each other do not readily enter into union. 

There seems, indeed, in this respect, to be very singular pre- 
ferences, and dislikes, existing among the particles of matter. 
Thus, if a piece of marble be thrown into sulphuric acid, 
their particles will unite with great rapidity, and commotion. 

Why does the water rise higher in the tube, than it does on the outside 7 
Give some common illustrations of this principle. What is the effect of 
chemical attraction 1 By what other name is this kind of attraction known 7 
What effect is prodoced when marble and sulphuric acid are brought to- 
gether? 
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and there will result a compound differing in all respects front 
the acid or the marble. But if a piece of glass, quartz, ffold, 
or silver, be thrown into the acid, no change is produceo on 
either, because their particles have no affinity. 

Sulphur and quicksilver, when heated together, will form a 
beautiful red compound, known under the name of vermilion, 
and which has hone of the qualities of sulphur or quicksilver. 

Oil and water have no affinity for each other, but potash 
has an attraction for both, and therefore oil and water nail 
unite when potash is mixed with them. In this manner, the 
well known article called soap is formed. But the potash has 
a stronger attraction for an acid than it has for either the oil 
or the water ; and therefore when soap is mixed with an acid* 
the potash leaves the oil, and unites with the acid, ^us de- 
stroying the old compound, and at the same instant forming a 
new one. The same happens when soap is dissolved in any 
water containing an acid, as the water of the sea, and of cer- 
tain wells. The potash forsakes the oil, and unites with the 
acid, thus leaving the oil to rise to the surface of the water. 
Such waters are called Jiard, and will not wash, because the 
acid renders the potash a neutral substance. 

Magnetic Attraction. — There is a certain ore of iron, a 
piece of which, being suspended by a thread, will always 
turn one of its sides to the north. This is called the Zooa- 
stonCi or natural Magnet, and when it is brought near a piece 
of iron, or steel, a mutual attraction takes place, and under 
certain circumstances, the two bodies will come together and 
adhere to each other. This is called Magnetic Attraction, 
When a piece of steel or iron is rubbed with a Magnet, the 
same virtue is communicated to the steel, and it will attract 
other pieces of steel, and if suspended by a string, one of its 
ends will constantly point towards the north, while the other, 
of course, points towards the south. This is called an artificial 
Magnet. The magnetic needle is a piece of steel, first touched 
with the loadstone, and then suspended, so as to turn easily 
— ■ — - . . ... - - — 

Wh&t is the effect when glass and this acid are brought together! 
What is the reason of this difference? How may oil and water be made 
to unite 1 What is the composition thus formed called 1 How does an acid 
^Mtiov this compound*} What is the reason that hard water wiU not 
waahl What is a natural magnet? What is meant by magnetic attiae- 
iNAl What is an artificial magnet 1 What is a magnetio ii0«dle? 
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on a point By means of this instrument, the maxiner guides 
Ids snip through the pathless ocean. Sec Magnetism, 

Electrical Attraction. — When a piece of glass, or sealing 
wax, is rubbed with the dry hand, or a piece of cloth, and then 
held towards any light substance, such as hair, or thread, the 
light body will be attracted by it, and will adhere for a mo- 
ment to tne glass or wax. The influence which thus moves 
the light body is called Electrical Attraction. When the light 
body has adhered to the surface of the glass for a moment, it ia 
again thrown off, or repelled, and this is called Electrical Re- 
pulsion. See Electricity. 

We have thus described and illustrated all the universal or 
inherent properties of bodies, and have also noticed the seve- 
ral kinds of attraction which are peculiar, namely. Chemical, 
Magnetic, and Electrical. There are still several properties 
to be mentioned. Some, of them belong to certain bodies in a 
peculiar degree, while other bodies possess them but slightly. 
Others belong exclusively to certain substances, and not at all 
to others. These properties are as follows. 

Density. — ^This property relates to the compactness of bo- 
dies, or the number of particles which a body contains within 
a given bulk. It is closeness of texture. Bodies which are 
most dense, are those which contain the least number, of pores. 
Hence the density of the metals is much greater than the 
density of wood. Two bodies being of e^uaf bulk, that which 
weighs most, is most dense. Some of the metals may 
have this quality increased by hammerinff, by which their 
pores are filled up and their particles are Drought nearer to 
each other. The density of air is increased by forcing more 
into a close vessel than it naturally contained. 

Rarity. — This is the quality opposite to density, and means 
that the substance to .which it is applied is porous, and light, 
llius air, water, and ether, are rare substances^ while gold, 
lead, and platina, are dense bodies. 

Hardness. — This property is not in proportion, as might 
be expected, to the density of the substance, but to the force 
with which the particles' of a body cohere, or keep their 



What is its use 7 What is meant by electrical attraction 1 What i^ 
electrical repulsion 1 What is density 7 What bodies are most denser 
How may this qu.ility be increased in the metals 1 What is rarity 1 — 
What are rare bodies? What are dense bodies'? How does hardness dif- 
fer from density 7 
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places. Glass, for instance, will s<5ratch gold or platina« thoug^h 
these metals are much more dense than glass. It is probable, 
therefore, that these metals contain the gieatest number of par- 
ticles, but that those of the glass are more firmly fixed in tneir 
places. 

Some of the metals can be mad 3 hard or soft at pleastire. 
Thus steel when heated, and then suddenly cooled, becomes 
harder than glass, while if allowed to cooj slowly, it is soft 
and flexible. 

Elasticity is that property in bodies by which, after being 
forcibly compressed or bent, they regain their original state- 
when the force is removed. 

Some substances are highly elastic, while others want this 
property entirely^ The separation of two bodies aft«r impact, 
or striking together, is a proof that one or both are elastic. 
In general, most hard and dense bodies, possess this quality 
in greater or less degree. Ivory, glass, marble, flint, and ice, 
are elastic solids. An ivory ball, dropped upon a marble slab, 
will bound nearly to the height from which it fell, and no 
mark will be left on either, fiidia rubber is exceedingly elas- 
tic, and on being thrown forcibly against a hard body, will 
bound to an amazing distance. 

Putty, dough, and wet clay, are examples of the entire want 
of elasticity, and if either of these be thrown against an impe- 
diment, they will be flattened, stick to the place they toucli, 
and never, like elastic bodies, regain their former shapes. 

Among fluids, water, oil, and in general all such substances 
as are denominated liquids, are nearly inelastic, while air and 
the gaseous fluids, are the most elastic of all bodies. 

Britileness is the property which renders substances easily 
broken, or separated into irregular fragments. This property 
belongs chiefly to hard bodies. 

It does not appear that brittleness is entirely opposed to 
elasticity, since m many substances, both these properties are 
united. Glass is the gj^ndard, or type of brittleness, and yet 

Why will glass scratcK^old or platina ? What metal can be made hard 
or soft at pleasure 7 What is meant by elasticity 7 How is it known that 
bodies possess this property 1 Mention several elastic solids. Give exam- 
ples of inelastic a6Ms. Do liquids possess this property 1 What are the 
most elastic of all substances ? What is brittleness 1 Are brittleness and 
elasticity ever found in the same substancel Give examples. 
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a ball, or fine tlireads of this substanee are hisUy ekustic, as 
may be seen by the bounding of the one, ana the springing 
of the otfier. Brittleness often, results from the treatment to 
which substances ^re submitted. Iron, steel, brass, and cop- 
per, become brittle when heated and suddenly cooled, but if 
cooled slowly, they are not easily broken. 

Malleability.-^9.^hiliiy of being drawn under the ham- 
mevj or rolling press. This property belongs to some of the 
metals, but not to all, and is of vast importance to the arts 
and couTeniences of life. 

The Malleable metals are, gold, silver, iron, copper, and 
some others. Antimony, bismuth, and cobalt, are bnttle me- 
tals. Brittleness is therefore the opposite of malleability. 

Gold is the most malleable of all sul^stances. It may be 
drawn under the hammer so thin that light may be seen 
through it. Copper and silver are also exceedingly malle- 
able. 

Ductility, is that property in substances which renders them 
susceptible of being drawn into wire. 

We should expect that the most malleable metals would also 
be the most ductile ; but experiment proves that this is not the 
case. Thus, tin and lead may be drawn into thin leaves, but 
cannot be drawn into small wire. Gold is the most malleable 
of all the metals, but platina is the most ductile. Dr. WoUas- 
ton drew platina into threads not much larger than a spider's 
web. 

Tenacity, in common language called touf^hness, refeis to 
the force of cohesion among the particles of bodies.' Tena- 
cious bodies are not easily pulled apart. There is a remark- 
able difference in the tenacity of different substances. Some 
possess this property in a surprising degree, while others are 
torn asunder by the smallest force. 

Among the malleable metals, iron and steel are the most 
tenacious, while lead is the least so. Steel is by far the most 
tenacious of all known' substances. A wire of this metal 
no larger than the hundredth- part of an inch in diameter 
sustained a weight of 134 pounds, while a wire of platina of 

How are iron, steel, and brass, made brittle 1 What does malleability 
moan? What metals are malleable, and what ones are brittle 'J Which 
18 the most malleable metal 7 What is meant by ductility 1 Are the most 
malleable metals, the most ductile 1 What is meant by tenacity'} From 
what does this property arise ? What metals are most tenacious 1 
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the same size, would sustain a weight of onl^ 16 pounds, aotf 
one of lead only 2 pounds. Steel wire will sustain 39,000 
feet of its own length without breaking. 

Recapitulation, — The common, or essential properties oi 
bodies are, Impeneti ability, Extension, Figure, Divisibility 
Inertia, and Attraction. Attraction is of several kinds, name- 
ly. Attraction of cohesion. Attraction of gravitation, Capillary 
attraction. Chemical attraction. Magnetic attraction, and E3ec- 
tiical attraction. 

Thepeculiar properties of bodies are. Density, Rarity, Hard- 
ness, Elasticity, Brittleness, Malleability, Ductility, and Tena- 
city. 

Force of Gravity. 

Tlie force by which bodies are drawn towards each othei 
in the mass, and by which they descend towards the earth 
when suspended or let fall from a height, is called the force 
o( gravity. 

llie attraction which the earth exerts on all bodies near its 
surface, is called terrestrial gravity, and the force with which 
any substance is drawn downwards, is called its weight. 

All falling bodies tend downwards towards the centre of the 
eafth, in a straight line from the point where they are let fall. 
If then a body be let fall in any part of the world, Uie line of 
its direction will be perpendicular to the earth's surface. It 
follows, therefore, that two falling bodies, on opposite parts 
of the earth, mutually fall towards each other. 

Suppose a cannon ball to be disengaged from a height op- 
posite to us, on the o^er side of the earth, its motion in re- 
spect to us, would be upward, while the downward motion 
from where we stand, would be upward in respect to tljose 
who stand opposite to us, on the other side of the earth. 

In like manner, if the falling body be a quarter, instead of 
half the distance round the earth from us, its line of direction 
would be directly across, or at right angles with the line al- 
ready supposed. 



What proportion does the tenacity of steel bear to that of platina and 
W-Jul 1 What are the esaential properties of bodies 7 How many kinds of 
attraction arc there 7 What are the peculiarproperties of bodies 1 What 
w pavity 1 What is terrestrial gravity 1 To what point in the earth do 
falling bodies tend 1 In what direction wiU two falUng bodies from opposite 
[xirts of the earth tend, in respect to each other 7 In what direction wiU 
one from half way between them meet their line 7 
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This win be readily undeiw 
stood by fig. 4, where the 
circle is supposed to be the 
circumference of the earth, 
a, the ball falling towards its 
upper surface, where we 
stand; &, a ball falling to- 
• wards the opposite side of the 
1^ earth, but ascending in re- 
spect to us, and c2, a ball de- 
scending at the distance of a 
Suarter of the circle, from 
le other two, and crossing 
the line of their direction at 
rifht angles. 

It wifl be obvious, there- 
fore, that what we call up and 

down are merely relative terms, and that what is down in re- 
spect to us, is up in respect to those who live on the opposite 
side of the eartn, and so the contrary. Consequently dovm, 
every where means towards the centre of the earth, and up 
from the centre of the earth; because all bodies descend 
towards the earth's centre, from whatever part they are let 
fall. This will be apparent when we consider, that as the earth 
turns over every 1J4 hours, we are carried with it through 
the points a, dj and &, fi^. 4 ; an J therefore, if a ball is sup- 
posed to fall from the pomt a, say at 12 o'clock and the same 
ball to fail again from the same point above the earth, at 6 
o'clock, the two lines of direction will be at right angles, as re- 
presented in the figure, for that part of the earth which was 
under a at 12 o'clock, wUI be under d at 6 o'clock, the earth 
having in that time performed one quarter of its daily revolu* 
tion. At 12 o'clock at night, if the ball be supposed to fall 
again, its line of direction will be at right angles witli that of 
its last descent, and consequently it will ascend in respect to the 
point on which it fell 12 hours before, because the earth would 



How is this shown by the figure 1 Are the terms up and dovm relative, 
or positive, in their meaning 1 What is nndersbod by dotm in any part 
of &e earth 1 Suppose a bdl be let fall at 12 and then at 6 o'clock, in what 
direction would the lines of their descent meet each other 1 Supjxtse two 
balls to desceiid from opposite sHJiea of the earth, what would be t(eir dureo* 
tion in respect to each other 1 

3 
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hare then rone through one half her daily rotation, and the 
point a would be at h. 

The velocity or rapidity of every fallins; body, is uniformly 
accelerated, or increased in its approach towards the earth, 
from whatever height it falls. 

If a rock is rolled from a steep mountain, its motion is at 
first slow and gentle, but as it proceeds downward, it moves 
with perpetually increased velocity, seeming to gather fresh 
speed every moment, until its force is such that every obstacle 
is overcome; trees and rocks are beat from its path, and its 
motion does not cease until it has rolled to a great distance on 
the plain. 

The same principle of increased velocity as bodies descend 
from a height, is curiously Illustrated by pouring molasses or 
thick syrup from an elevation to the ground. The bulky 
stream, of perhaps two inches in diameter, where it leaves the 
vessel, as it descends, is reduced to the size of a straw, or 
knitting needle ; but what it wants in bulk is made up in ve- 
locity, for tlie small stream at the ground, will fill a vessel 
just as soon as the large one at the outlet. 

For the same reason, a man may leap from a chair without 
danger, but if he jumps from the house top, his velocity be- 
comes so much increased, before he reaches the ground, as to 
endanger his life by the blow. 

It is found by experiment, that the motion of a falling body 
is increased, or accelerated in regular mathematical propor- 
tions. 

These increased proportions do not depend on the increased 
weight of the body, because it approaches nearer the centre of 
the earth, but on the constant operation of the force of gravity, 
which perpetually gives ne,w impulses to the falling body, and 
increases its velocity. 

It has been ascertained by experiment, that a body, falling 
freely, and without resistance, passes 'through a space of 10 
feet and 1 inch during the first second of time. Leaving out 
the inch, which is not necessary for our present purpose, the 
latio of descent is as follows. 

Suppose the body falls through a space equal to 16 feet the 



What to said concerning the motions of £Edling bodies 1 How is this in- 
creased velocity illustrated 7 Why is there any more danger in jumrang 
Km the house top than fiK>m a chair 1 What number of feet does a faUing 



from the house top than fiK>m a chairl 
body pass through during the first second 1 
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first second of time ; at the end of this space and time, it will 
have acquired such a degree of celerity as is sufficient to carry 
it through twice this space during the next second, though it 
should men receive no new impiQse from the cause by wnich 
its motion had been accelerated ; but if the same accelerating 
cause continue, it will cariy the body 16 .feet further ; on 
which account, it will have fallen in all four times 16 feet, or 
64 f(?et at the end of the second second ; and then it will have 
acquired such a degree of celerity as is sufficient to carry it 
through a double space in as much more time ; that is 4 times 
16 feet in one second more, even though the force of gravity 
or the accelerating force should cease to act. But this force 
still continuing to act in a uniform manner, it will again in 
equal time produce an equal effect, and will therefore add 16 
feet to the velocity already acquired, at the end of the second 
second, Avhich being 64 feet, it Avill fall 80 feet, or five times 
as far the third second, as it did the first. In three seconds, 
the velocity acquired will be 3 times that acquired at the end 
of the first second, which being twice 16 feet, is equal- to 6 
times 16 feet, to which, again, is to be added the accelerating 
force 16 feet, making 7 times 16 feet for the space passed 
through during the fourth second. 

Hence we learn that if a body moves at the rate of 16 feet 
during the fii-st second, it will move 48 feet during the next 
second, making in all 64 feet at the end of the second second, 
5 times 16 during the third, or 80 feet, and 7 timqs 16, or 112 
feet, in the 4th second, and so on in this proportion. 

Thus it appears, that to ascertain the velocity with which a 
body falls in any given time, Ave must know how many feet it 
fell during the first second. The velocity acquired in one 
second, and the space fallen through during that time, being 
the fundamental elements of the whole calculation, and all that 
are necessary for the computation of the various circumstances 
of falling bodies. 

The cufRculty of calculating exactly the velocity of a falling 
body from an actual measurement of its height, and the time 



How far does it falf during the next second ? How far during the third 1 
Suppose the accelerating force should cease at the be^nnins of tno third se- 
cond ; how far would it fall during that second 1 Why does it fall more 
than this during that second 1 How many times 16 feet does a body move 
in the 4th second 1 What are the fundamental elements by wmch the 
vDlocity of a falling body may be computed 1 



which it tA.ea to reach the gronnd, b so gnti, that no aceu 
me eomputaUon cooM be made from nich an experu^ent. 

Thia difficultr has, howerer, been orercome hy a curious 

piece of machinery, inrented for this purpose by Mr. Atwood. 

Fig. i. This machine consists of two 

^ npright posts of wood, fig. 5 with 

/^^r^f cross pieces, as shown in the fig 

1/ i\ \\ lire. The weights A and B, ar. 

of the same size, and made to ba- 
lance each other rery exactly, 
and are connected by the thread 
which passes over the wheel C 
J* is a ring through which the 
weis^ht A paases, and G is a sta^e 
on which the weight rests in its 
descent The nng and stage 
both slide up and down, and are 
fixed at pleasure by thumb 
screws. The post H, is a 
eraduated scale, and the pendu- 
lum K, is kept in motion by clock- 
work. L, la a small bar of me- 
tal, weighing a quarter of an 
ounce, and longer than the di- 
ameter of the ring Jl 

When the machine is to be 
used, the weight A is drawn up to 
the top of the scale, and the ring 
and stage are placed a certain 
minibcr of inches from each other. 
The small bar L, is then placed 
across the weight A, by means oi 

. which it is made -slowly to (ie- 

scend. When it has descended to the ring, the smafl weight 
L,is taken off by the ring, and thus the two weights are left equal 
lo each other. Now it must be observed, that the motion, 
and descent of the weight A is entirely owing to the gravi- 
tilling force of the weight L, until it arrives at the rin^ F, 
when the action of gravity is suspended, and the large weiglil 



C- 


U/ 




M : 


i 




i: 


_F 




( 


-" '4 






M 

















Is thsTelodljof a&IIingbodjcalcalitedfioiDactuBt 
a Buchinel Describe Uia ajwratioa of Mr. Atwood'i i 
ting the lelocitiei ol falling boiUes. 



nt, or by 



GRAVITY, 29 

continues to move downwards to the stage, in consequence of 
the velocity it had acquired previously to that time. 

To comprehend the accuracy of this machine, it must be 
understood that the velocities of gravitating bodies are sup- 
posed to be equal, whether they are large or small, this being 
the case Avhen no calculation is made for the resistance of the 
air. Consequently, the weight of a quarter of an ounce placed 
on the large weight A, is a representative of all other solid 
descending bodies. The slowness of its descent, when com- 
pared with freely gravitating bodies, is only a convenience by 
which its motion can be accurately measured, for it is the in- 
crease of velocity which the machine is designed to ascertain 
and not the actual velocity of falling bodies. 

Now it will be readily comprehended, that in this respect, 
it makes no difference how slowly a body falls, provided it 
follows the same laws as other descending bodies, and it has 
already been stated, that all estimates on this subject are made 
from the known distance a -body descends during the first se- 
cond of time. 

It follows, therefore, that if it can be ascertained, exactly 
how much faster a body falls during the third, fourth, or fifm 
second, than it did during the first second, by knowing 
how far it fell during the first second, we should be able to 
estimate the distance it would fall during all succeeding 
seconds. 

If, then, by means of a pendulum beating seconds, the 
weight A should be found to descend a certain number of 
inches during the first second, and another certain number 
during the next second, and so on, the ratio of increased de- 
scent would be precisely ascertained, and could be easily ap- 
plied to the falling of other bodies ; and this is the use to which 
this instrument is applied. 

By this machine, it can also be ascertained, how much the 
actual velocity of a falling body depends on the force of gravi- 
ty, and how much on acquired velocity, for the force of ^vity 
gives motion to the descending weight only until it arnves at 



After the small weight is taken off by the ring why does the large weight 
continue to descend 1 Does this machine show the actaal velocity of a &11- 
i§Ag body, or only its increase? How does Mr. Atwood's machine show 
how much the celerity of a body depends upon graTity, and how much on 
acquired velocity? 
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1km lioffff After wiiich Ihe motion is continued by the velocity 
it had Mfoie acqaired. 

From experiments aceumtely made with this machine, it has 
been fiillj established, that if Uie time of a falling body be di- 
▼ided into equal parts, say into seconds, the spaces through 
whidi it fidls in each second, taken separately, will be as the 
odd numbers, 1, 3, 5, 7, 0, and so on, as already stated. To 
make this plain, suppose the times occupied by the falling body 
to be 1, 2, 3, and 4 seconds ; then the spaces fallen throug-h 
will be as the squares of these seconds, or times, viz. 1,4, 9, 
and 16, the square of 1 being 1, the square of 2 being 4, the 
square of 3, 9, and so on. Tne distance fallen through, there- 
fore, during the second second, may be found, by taking 1 , 
the distance corresponding to one second, from 4, tne distance 
corresponding to 2 seconds, and is therefore 3. For the 3d 
second, take 4 from 9, and therefore the distance will be 5. 
For the fourth second, take 9 from 16, and the distance will 
be 7, and so on. During the first second, then, the body falls 
a certain distance, during the next second, it falls three times 
that distance, during the third, five times that distance, during 
the fourth, seven times that distance, and so continually in that 
proportion. 

It will be readily conceived, that solid bodies falling from 
great heights, must ultimately acquire an amazing velocity 
oy this proportion of increase. An ounce ball of lead, let 
fall from a certain height towards the earth, would thus 
acquire a force ten or twenty times as ^reat as when shot 
out of a rifle. By actual calculation, it has been found that 
were the moon to lose her projectile force, which counter- 
balances the earth's attraction, she would fall to tlie earth 
in four days and twenty hours, a distance of 240,000 miles. 
And were the earth's projectile force destroyed, it would fall 
to the sun in sixty-four days and ten hours, & distance of 
9&,000,000 of miles. 

Every one knows by his own experience the different 

Suppose the times of a fidUng body are as the numbers 1, 3, 3, 4, what 
will be the numben representing the spaces through which it fidls 1 Suppose 
abodY&lb 16 feet the ^rst second, how far will it fall the third second? 
Wonidift be possible for a rifle bail to acquire a gieater force by falling, than 
if «M anm a riflel How long would H ta£e the Moon to come to the 
mA aoooitUng to the law of increased velodtyl How long would it take 
the earth tp tSll tp the suni' 
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•flfeets of the sam^ body falling from a ^real or a small 
heiffht A boy will toss up his leaden bullet and catch it 
with his hand, out he soon learns, by its painful effects, not to 
throw it too high. The effects of hail-stones on window 
glass, animals, and vegetation, are often surprising, and 
sometimes calamitous ilhistrations of the velocity of Tailing 
bodies. 

It has been already stated that the velocities of solid bodies 
falling from a given height, towards the earth, are equal, or in 
other words, that an ounce ball of lead will descend in the 
same time as a pound ball of lead. « 

This- is true in theory, but there is a slight difference in 
this respect in favor of the velocity of the larger body, owing 
to the resistance of the atmosphere. We, however, shall at 
present consider a]l solids of whatever size, as descending 
through the same spaces in the same times, this being exactly 
true when they jfoss without resistance. 

To comprehend the reason of this we have only to con- 
sider, that the attraction of gravitation in actin? on a mass 
of matter acts on every particle it contains ; ana thus every 
particle is drawn down equally and with the same force. The 
effect of gravity, therefore, is in exact proportion to the quan- 
tity of matter the mass contains, and not in proportion to its 
l)uik. A ball of lead of a foot in diameter, and one of Avood 
of the same diameter, are obviously of the same bulk ; but the 
lead Avill contain twelve particles of matter where the wood 
contains one, and consequently will be attracted with twelve 
times the force, and therefore will weigh twelve times as 
much. 

If then, bodies attract each other in proportion to the quan- 
tities of matter they contain, it foUoAvs that if the mass of the 
earth were doubled, the weights of all bodies on its surface 
would also be doubled ; and if its quantity'of matter were 
tripled, all bodies would weigh three times as much as they 
do at present. 

It follows also, that two attracting bodies, when free to 
move, must approach each other mutually. If the two bodies 

What familiar illustrationa are given of the force acquired by the veloci- 
ty of fiilUng bodies 'i Will a smaU and a large body fUl through the same 
space in the same time 1 On what parts of a mass of matter does the force 
of gravity acf) Is the efiect of gravity in proportion to bulk, or quantity of 
matter 1 Were the mass of the earth doublea, how maeh more should we 
Weigh than we do now 1 
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conlafn like qoanddea of mstfter, thnr appfoach win be equal 
iy rapid, ami thej will moTe equal dLstuKcs towards eacl& 
other. Birt if the one be snaH and the other htrg^ the imall 
one will approach the other with a rapiciitr pfopoitioiied to the 
leas qoantitjr of matter it eontaina. 

It i:§ ea^y to coQceiye, that if a man in one boat {niQb at a 
ro^e attached to another boat, the two boats, if of the same 
size, will more towards each other at the same rate ; but if the 
one be iar^e and the otiier small, the rapidity with whi^ each 
mores will be in proportion to it^^ size, the larf c one moTing 
with as mDch tet^ ¥eiocity as its size is greater. 

A man in a boat pulfiii^ a n>pe attached to a ship, seems 
onlj to more the beat, bat that he really mores the slup is cer- 
tain, when it is considered, that a thoosand boats pulling in the 
same manner would make the ship meet them hatf way. 

It appears, therefore, that an equal force acting on bodies 
containing difierent qoantides of matter, more them with dif- 
ferent relocities, and that these rekxities are in an inrerse pro- 
portion to their quantities of matter. 

In respecrt to equeU foTces^ it is obrions that in the cafe of 
the ship and single boat, they were roored towards each other 
by the same force, that is, the force of a man pnlhng by a rope. 
The same principle holds in respect to attraction, for all bodies 
attract each other equally, according to the quantities of mat- 
ter they contain, and since all attraction is mutual, no body 
attracts another with a greater force than that by which it is 
attracted. 

Suppose a body to be placed at a distance from the earth 
weighing two hundred pounds ; the earth would then attract 
the body with a force equal to two hundred pounds, and the 
body would attract the earth witli an equal force, otherwise 
their attraction would not be equal and mutual. Another body 
weighing 10 pounds, would be attracted with a force equal 
to 10 pounds, and so of all bodies according to the quantity of 

Suppose one body moving towaidt another, three tinieB as large, by the 
fince of gnmtjt wfaiat wonkl be theh pfoportlcoal relocitieB 1 How is this 
illustrated 1 Doesalaigebody attract a small one with any more Ibrce than 
it IS attracted 1 Suppose a body weighing 200 pounds to be placed at a dis- 
tance firom the earth^ with how much fixce does the ^arth attract the body 1 
With what fixrce does the body attract the eaithi 
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matter they contain ; each body being attracted by the earth 
with a force equal to its own weight, and attracting the earth 
with an equal force. 

If the man in the boat pulled the rope with the force of 100 
pounds, it is plain that the force on each vessel would be 50 
pounds ; for suppose each end of the rope to be thrown over 
a pulley, and a weight of 50 pounds attached to these ends, it 
would take just 100 pounds in the middle of the rope to balance 
them. 

It is inferred from these principles, that all attracting bodies 
which are free to move, mutually approach each other, and 
therefore that the earth moves towards every body which is 
raised from its surface, with a velocity and to a distance pro- 
portional to the quantity of matter thus elevated from its sur- 
face. But the velocity of the earth being as many times less 
than that of the -falling body as its mass is greater, it follows 
that its motion is not perceptible to us. 

The following calculation will show what an immense mass 
of matter it would take, to disturb the earth's gravity in a per- 
ceptible manner. 

If a ball of earth equal in diameter to the tenth part of a mile, 
were placed at the distance of the tenth part of a mile from the 
earth's surface, the attracting powers of the two bodies would 
be in the ratio of about 612 millions of millions to one. For 
the earth's diameter being about 8000 miles, the two bodies 
would bear to each other about this proportion. Consequent- 
ly if the tenth part of a mile were divided into 512 million of 
millions of equal parts, one of these parts would be nearly the 
space through which the earth would move towards the falling 
body. Now in the tenth part of a mile there are about 6400 
inches, consequently this number must be divided into 512 mil- 
Irons of millions of parts, which would dve the eighty thou- 
sand millionth part of an inch through which the earth would 
move to meet a body of the tenth part of a mile in diameter. 

Suppose a man in one boat, pulls with the force of 100 pounds at a to^ 
fastened to another boat, what would be the force on each boat 1 How is 
this illustratod'? Suppose the body fiills towards the earth, is the earth set 
in motion by its attraction 1 Why is not the earth's motion towards it 

SerceptiUe 1 What distance would a body, the tenth part of a mile in 
iaroeter, placed at the distance of a tenth part of a mile, attract the earth to- 
wards it 7 
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Fall of Ligkt Bodies'. 

It has been stated that the earth's attraction acts equally 
on all bodies, containing equal quantities of matter, and that 
in vacuo, all bodies, whether large or small, descend from the 
same heights in the same times. 

There is, however, a great difference in the quantities of 
matter which bodies of tiie same bulk contain, and conse- 
quently a difference, in the resistance which they meet with 
in passing through the air. 

Now, the fall of a body containing a large quantity of matter 
in a small bulk, meets with little comparative resistance, while 
the fall of another, containing the same quantity of matter, 
but of larger size, meets with more in comparison, for it is 
easy to see that two bodies of the same size meet with ex- 
actly the same actual resistance. Thus, if we let fall a ball 
of lead, and another of cork, of two inches in diameter each, 
the lead will reach tlie ground before the cork, because, though 
meeting with the same resistance, the lead has the greatest 
power of overcoming it. 

This, however, does not affect the truth of the general law 
already established, that the weights of bodies are as the 
quantities of matter they contain. It only shows that the 
pressure of the atmosphere prevents bulky and parous sub- 
stances from falling with the same velocity with such as are 
compact or dense. 

Were the atmosphere removed, all bodies, whether light oi 
heavy, large or small, would descend with the same velocity. 
'ITiis fact nas t>een ascertained by experiment in the following 
manner ; 

The air pump is an instrument, by means of which the 
air can be pumped out of a close vessel, as will be seen under 
the article Pneumatics. Taking this for granted at present, 
the experiment is made in the following manner : 



Why will not a sack of feathera and a stone of the same size fall through 
the air in the same time 1 Does this affect the truth of the general law that 
the weights of bodies are as their quantities of matter? What would be 
the eifect on the &1I of light and heavy bodies, were the atmosphere rch 
moved ? 
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MOTION. 

On the plate of tlie air pump A^ place the 
tall jar B, which is open at the bottom, and 
has a brass cover fitted closely to the top. 
Through the cover let a wire pass, air tight, 
having a small cross at the lower endl On 
each side of this cross, place a little stare, 
and so contrive them tnat by turning 3ie 
wire by the handle C, these stages shall be 
upset. On one of the stages place a guinea 
or any other heavy body, ana on the other 
place a feather. When this is arranged, let 
the air be exhausted from the jar by Ae 
pump, and then turn the handle C, so that the 
guinea and feather may fall from their 
places, and it will be found that they will 
both strike the plate at the same instant. 
Thus is it demonstrated, that were it not for 
the resistance of the atmosphere, a bag of 
feathers and one of guineas would fall from 
a given height witli me same velocity and in 
the same time. 



Motion, 

Motion may bo defmed, a continued change of place with 
rrffanl to a fixed point* 

Without motion there would be no rising or settinff of the 
sun — no change of seasons — no fall pf rain — no buiidinfir of 
houses, and finally no animal life. Nothing can be done with, 
out motion, and tnerefore without it, the whole universe w^ould 
bo at rest and dead. 

In the language of philosophy, the power Avhich puts a body 
in motion, is called force. Thus it is the force of gravity that 
overcomes the inertia of bodies, and draws them towards the 
earth. The force of water and steam gives motion to machi- 
nery, 4tc. 

For the sake of convenience, and accuracy in the applica- 
tion of ternLs, motion is divided into two kinds, viz. absolute 
and relative, 

How is it proved that a feather and a guinea will fall through eqoal 
spaces in the same time, where there \b no resistance ? How wiu you de- 
fine motion 7 What would be the cfiMpaueiMi^ were all motion to cease 1 
What is that power called which * '"■■^ ^ itt motion 7 How is motioD 
divided? 
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Absolute motiQn is a change of place with regard to a fixed 
f^oint, and is estimated without reference to the motion of any 
oUier body. When a man rides along the street, or when a 
vessel sails through the water, they are both in absolute 
motion. 

Relative motion, is a change of place in a body, with respect 
to another body, also in motion, and is estimated from that 
other body, exactly as absolute motion is, from a fixed point. 

The absolute velocity of the earth ^ in its orbit from west to 
east, is 68,000 miles in an hottr ; that of Mars, in the same di- 
rection, is 56,000 miles per hour. The earth's relative velocity 
in this case, is 13,000 miles per hour from west to east That 
of Mars comparatively, is 13,000 miles from east to west, be- 
cause the earth leaves Mars that distance behind her, as she 
would leave a fixed point. 

Restf in the common meaning of the term, is the opposite of 
motion, but it is obvious, that rest is often a relative term, since 
an object may be perfectly at rest with respect to some things, 
and in rapid motion in respect to others. Thus a man sitting 
on the deck of a steam-boat, may move at the rate of fifteen 
miles an hour, with respect to the land, and still be at rest 
with respect to the boat. And so, if another man was running 
on the deck of the same boat at tbe rate of fifteen miles the 
hour in a contrary direction, he would be stationary in respect 
to a fixed point, and still be runnir^ with all his might, with 
respect to the boat 

Velocity of Motion, 

Velocity is the rate of motion at which a body moves from 
one place to another. 

Velocity is independent of the weight or magnitude of the 
moving body. Thus a cannon ball and a musket ball, both 
flying at the rate of a thousand feet in a second, have the same 
velocities. 

Velocity is said to be uniform, when the moving body pass- 
es over equal spaces in equal times. If a steam-boat moves at 
the rate of 10 miles every hour, her velocityis uniform. The 
revolution of the earth from west to east is a perpetual exam- 
ple of uniform motion. 

What is absolute motion? What is relative motion 1 What is the 
earth's relative velocity in respect to Mare? In what renpect is a man in m 
steam-boat at rest, and in what respect does he ukwib ? What is vdoeity '' 
When is velocity uniform? 
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Velocity is aeceleraUdt when the rate of motion is constant- 
ly increased, and the moving body passes through wieqnal 
spaces in eqnal times. Thus, when a falling body moves six- 
teen feet during the first second, and forty*eight feet during 
the next second, and so on, its velocity is accelerated. A body 
fidling from a height freely through the air, is the most perfect 
example of this kind of velocity. 

Retarded velocity ^ is when uie rate of motion of the body is, 
constantly decreased, and it is made to move slower and slow- 
er. A ball thrown upwards into the air, has its velocity con- 
stantly retarded by tne attraction of gravitation, and conse- 
quently, it moves slower every moment 

ForcCy or Momentum of Moving Bodies 

The velocities of bodies are equal, when they pass over 
equal spaces in the same time ; but the force with which bo- 
dies, moving at the same rate, overcome impediments, is in 
proportion to the quantity of matter they contain. This pow 
er, or force, is called the Tnomentum of the moving body. 

Thus, if two bodies of the same weight move with the same 
velocity, their momenta will be equal. 

Two vessels^ each of a hundred tons, sailing at the rate ot 
six miles an hour, would overcome the same impediments, or 
be stopped by the same obstructions. Their momenta woula 
therefore be the s^me. 

The force, or momentum of a moving body, is in proportion 
to its quantity of matter, and its velocity. 

A large body moving slowly, may have less momentum than 
a small one moving rapidly. Thus, a bullet, shot out of a gun, 
movea with much greater force than a stone thrown by the 
hand.^. The momentum of a body is found by multiplying its 
quantity of matter by its velocity. 

Thus, if the velocity be 2, and the weight 2, the momentum 
will be 4. If the velocity be 6 and the weight of the body 4, 
the momentum will l>e 24. 

If a moving body strikes an impediment, the force with 
which it strikes, and the resistance of the impediment, are 
equal Thus , if a boy throw his ball against the side of the 

When is velocity accelerated 1 Give illastrations of these two kinds of 
velocity.^ What is meant by retarded velocity % Give an example of retard- 
ed velocity. What is meant by the momentom of a body 1 When will the 
mmnenta of two bodies be equal 1 Give an example. When has a small 
body more momentum than a laree one 1 By what rule is the momentum 
of a body found 1 
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hooK, (riA the foree of 3, the honse resista it with an eqml 
force, and the ball rebounds. If he tbrowB it aniinst a pane 
of gltUM with the same force, the gl&aa having onljr the power 
of 3 to resist, the ball will go through the gtaes, still retuning 
one third of its force. 

From observations made on the effects of bodies striking 
each other, it is found that action and re-action are equal ; or, 
in other words, that force and resistance are equal. Thua, 
when a moving body strikes one that is at rest, the body at rest 
ret\n-na the blow with equal force. 

This is illustrated by the well known feet, that if two per- 
sons strike their heads together, one being in motion, and the 
other at rest, they are both equally hurl. 
*The philosophy of action and rc-action ia finely illustrated 
by a number of ivory balls, suspended by threads. 



Fig. 10. 



'«■ 
to touch each other. If 
the ball a be drawn from the per- 
pendicular, BnA then let fall, so 
as to strike the one next to it, the 
motion of the fHlling ball will be 
commtmicated through the whole 
series, from one to the other. 
None of the balls, except /, wUl 
however, appear to move. This 
will be understood, when we con- 
sider that the re-action of b, is ' 
just equal to the action of a, and 
that each of the other halls, in like 
manner, acts, and. re-acts, on the 
other, until the motion of a arrives 
at /, which, .having no impedi- 
ment, or no'hing tj act upon, is 
itself put in motion. It is, therefore, re-action, which causes ' 
ill the balls, except/, to remain at rest. 
* It is by a modification of the same principle, that rockets 
are irnpelled through the air. The stream of expanded air, or 
the fire which is emitted from the lower end of the rocket, not 
only propels against the rocket itself, but against the atmo- 
sphenc atr, which, re-acting agunst the air so expanded, sends 
the rocket along. 

Wbcn a moviag body strikra ui impediment, which receive! the gimteat 
•hockl Whst » the !bw of action and re-Bctioa 1 HowulhiiUlnitratwll 
When m\e of the ivory balle Btrikei the otber, vhy doe* the most dielant 
•ne only move 1 On nhnt principle are rot^nta impelleil througli the >lr7 
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h w«i Ml Wft^miki of not uadcntandinr the principles of a<;- 
lt%m mhI VMkHkM^ dMl Um mtn undertook to make a ftir wind 
IW KU |4iMMHir« Wat to be need whenever he wished to sail. 
lU AtiHl a«i ii«iMii»mie bellows in the stern of his boat, not 
i^\mb4(^vt but tb^ wind IViMU it would carry him along. Ba« 
^^ Hiakl^ the «>x|^HmenU be found that ms boat went back- 
>hf^«^Uk i^va^fNid of ItMrwards* The reason is plain. The re 
«^ol(\u\ ^a' ib^ atnHwpbere on the stream of wind from the Del 
bk>^*% bi^^MT^ U n^fhe^l the sail, moved the boat in a contrary 
^lii'iH^Um^ lUd th0 sails received the whole force of the wind 
t^MU the bellows, the boat would not have moved at all, for 
Ibmu avliai\ and redaction would have been exactly equal, and 
il w\iukl bavi^ been like a man's attemptmg to rabe himself 
^vef a tVnee by the straps of his boots. cm- 

Refected Motion. 

ll has been stated that all bodies when once set in monon, 
would Ciuitlnue to move straight forward, until some impedi- 
mentt acting in a contrary direction, should bring them to rest ; 
coiUinued motion without impediment being a consequence of 
the inertia of matter. 

Buoh bodies are supposed to be acted upon by a single 
ibree» and that in the airection of the line in which uiey move. 
Thus, a ball sent out of a gun, or struck by a bat, turns neither 
to the right, nor le(\, but makes a curve towards the earth, in 
consequence of anoilter force, which is the attraction of gra* 
vitation, and by which, together with the resistance of the at- 
mosphere, it is 'finally brought to the ground. 

The kind of motion now to be considered, is that which is 
produced when bodies are turned out of a straight line by some 
force, independent of gravity. 

A sinffle force, or impulse, sends the bodv directly forward, 
but anomer force, not exactly coinciding with this, will give it 
a new direction, and bend it out of its former course. 

If, for instance, two moving bodies strike each other ob- 
liquely, they will both be thrown out of the line' of their for- 
mer direction. This is called reflected motion, because, it 
observes the same laws as reflected light 
^i^^^— — ^—^«^— — — »^— ^^^— ^— — — i— — — — ^~~^™' ' 

In the ezpeiiment with the boat and bettow% why did the boat mova 
backwaida 1 Why would it not have moved at all, had the sail received all 
the wind from the bellowsl Suppoie a body is acted on, and set in motion h\ 
a singEb ibfpe, in what direction will it move ? What is the motion called, 
when, a body is tamed out of a straight line by another force 1 
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Fig. U. 




The bounding of a ball ; the skipping of a stone orer the 
amooth sorfiice of a pond ; and the oblique direction of an 
apple, when it touchea a limb in its fall, are examples q( re- 
flected motion. 

By experiments on this kind of motion, it is found, that 
movmg bodies observe certain laws, in respect to the direc- 
tion they take in rebounding from any impediment ihej hap- 
pen to strike. Thus, a ball, striking on the floor, or wall of 
a room, makes the same angle in leaving the point where it 
strikes, that it does in approaching it. 

Suppose a, &,flg. 11, 
to be a marble slab, or 
floor, and c to be an 
ivory ball, which has 
been thrown towards the 
floor in the direction of 
b the line c, e ; it will re- 
bound in the direction 
of the line e, (2, thus making the t^vo angles / and g exactly 
equal. 

If (he ball approached the floor under a larger or smaller 
angle, its rebound would observe the same rule. Thus, if it 

Fig. 12. fell in the line h k, fig. 

12, its rebound would be 
^ ^ in the line k t, and if it 

was dropped perpendi- 
cularly from t to kj it 
would return in the 
same line to L The an- 
gle which the ball makes 
with the perpendicular 
I Ar, in its approach to 
the floor is called tlie 
angle of incidence, and that which it makes in departing from 
the floor in the same line, is called the angle of reflection, and 
these angles are always equal to each other. 

What illustrations can you mre of reflected motion 1 What hws are ob- 
served in reflected motion 1 Suppose a hall to be thrown on the floor in 
a certain direction, what rule will it observe in rebounding 1 What is the 
angle called, which the ball makes in approaching the floor 1 What Is the 
a^ff^ called, which it makes in leaviiig the floor! ' What is tl|0 diflferenoe 
bi!)^|n^n the«e angles! 
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C&mpamnd MoHon* 
CbM|Kmfiil molJDn iB timt moiioii, whieh ifl prodveed 
or more foreoa, aetiiig in different direetionfly on the same 
body, lit the eune time. This will be readily tmdentood by a 
dia^mm. 

d Fig. IS. Suppose the ball a, fig. 13, 

to be moving with a certain 
Telocity in me line b c, and 
snjppose that at the instant 
C when it came to the point a, 
it should be struck with an 
eoual force in the direction 
of d e, as it cannot obey 
the direction of both these 
forces, it wilh take a course 
between them, and fly oflEiin 
the direction of/. 
The reason of this is plain. 
r The first force would carry 
tlie ball from 6 to c ; the second would carry it from d to 
f, and (hese two forces being equal, gives it a direction 
just half way between the two, and therefore it is sent to- 
wards/. 

The line a /, is called the diagonal of the square, and re- 
sults from the cross forces, h and d being equal to each other. 
If one of the moving forces is greater Uian the other, then the 
diagonal line will he lengthened in the direction of tlie ^eater 
force, and instead of being the diagonal of a square, it will 
become the diagonal of a parallelogram, or ^blong square. 




F%. U. 




Suppose the force in the 
direction of a ft, should 
drive the ball with twice the 
velocity of the cross force 
c d, fig. 14, then the ball 
would go twice as far from 
the line c d, as firom the hne 
h a, and e /woidd be the 
diagonal ofa pu^eloffrnm 
whose length is double its 
breadth. 



^What is eonpomid motion 1 Suppose a ball, moving with a certain 
"Moa, to be utracyL croonriM, with the Mme force, in what direction will it 
mf>7«^ Buraoia It lobsstniokwifii half its fbmier force, m what direction 
ml it move Y 
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Sttopose a boat in crosfling a rirer, is rowed forward at the 
rate of IcHar miles an hour, and the. current of the river is at 
the same rate, then the two cross forces will bo equal, and the 
line of the boat will be the diagoiial of a square, as in ^g, 13. 
But if the current be four miles an hour, and the progress of 
the boat forward only two miles an hour, then the boat will go 
down stream twice as ^t as she goes across the river, and 
her path will be the diagonal of a parallelogram, as in fig. 14, 
and Uierefore to make the boat pass directly across the stream. 
It must be rowed towards «ome point higher up the stream 
than the landing place ; a fact well known to boatmen. 

Circular Motion. 
Circular motion, is the motion of a body in a ring, or circie. 
and is produced by the action of two forces. By one of these 
forces, the moving body tends to flv off in a straight line, 
while by the oth^ it is drawn towards the centre, and thus it 
it madoio revolve, or move round in a circle. 

The force by which a body tends to ^o off in a straight line 
is called \he centrifugal force ; that which keeps it from fly- 
ing away,' and draws it towards the centre, is called the cen- 
tripetal force* 

Bodies moving in circles are constantly acted upon by these 
two forces. If 3ie centrifugal force should cease, the moving 
body would no longer perform a circle, but would directly ap- 
proach the centre of its own motion. If the centripetal force 
should cease, the body would instantly begin to move off in a 
straight Kne, this being, as we have explained, the direction 
which all bodies take when acted on by a single force. 

Fjg. 15. This will be obvious by ^g. 

15. Suppose a to be a cannon 
ball, tied with a string to the 
centre of a slab of smooth mar- 
ble, and suppose an attempt 
be made to push this ball with 
^the hand in the direction of h ; 
it is obvious that the string 
would prevent its going to that 
point ; but would keep it in the 
circle. In this case, the string 
is the centripetal force. 

What is the line ii F, %.T3, calledl What is the line £ P, fig^. 14, 
called 'J How are there &uie8 iUostratecl 1 What is circular moUon7 
How is this motion produced f What is the centrifugal force? 
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Now suppose the ball to be kept rerolviiiff with rapidity, 
its velocity and weight wiU occasion its centrilv^gal force ; and 
if the string were cut, when the ball was at the pmnt c 
for instance, tliis force would carry it off in the line to 
wards 6. 

The greater the velocity with which a body moves round 
in a circle, the greater will be the force wiUi which it wfll fly 
olT in a right line. 

Tlius, when one wishes to sling a stona to the greatest dis- 
tance, he makes it whirl round with the greatest possible ra- 
pid it v, before he lets it go. Before the invention of other 
warlike instruments, soldiers threw stones in this manner with 
great force, and dreadful effects. 

The line about which a body revolves, is called its a^ts oj 
motion. The point round which it turns, or on which it rests, 
is called the centre of motion. In fig. 15, the point (2, to 
which the strine[ is fixed, is the centre of motion. In the 
spinning top, a Tine through the centre of the handle to the 
point Off wnich it turns, is the axis of motion. 

In the revolution of a wheel, that part which is at the great- * 
est distance from the axis of motion, has the greatest velocity, 
and consequently, the greatest centrifugal force. 

Fig. 16. Suppose the wheel, fig. 16, to 

revolve a certain number of times 
in a minute, the velocity of the 
end of the arm, at the point <l 
would be as much greater than its 
middle at the point fc, as its dis- 
tance is greater from the axis ol 
motion, because it moves in a lar- 
ger circle, and consequently the 
centrifugal force of the rim c, 
would in like manner, be as its 
distance from the centre of mo- 
tion. 

Large wheels, wliich are designed to turn with great velo- 
city, must, theref ore, be made with corresponding strength, 

What ii the centripetal force 1 Soppose the centrifugal force should 
eeaie, in what direction would the body move 1 Suppose the centripetal 
force ahould cease, where would the body ([o1 Exphhi fig. 15. What 
constitutes the centrifugal force of a body movuig round in a circle 1 How 
is this illustrated 1 What is the axis of motion 1 What is the oentre of 
motion 1 Give illustrations. What part <^ a revolving whed has the great- 
Mt centrifugal force 1 Whyl 
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-Hiierwise the centrifugal fqrce will overcome the cohesive at- 
traction^ or the strength of the fastenings, in which case the 
wheel will fly in pieces. This sometimes happens to the large 
grindstones used in gun-factories, and the stone either flies 
awav piece-meal, or breaks in the middle,^ to the great danger 
of the workmen. 

Were the diurnal velocity of the earth about seventeen 
times greater than it is, those parts at the greatest distance 
from its axis, would beffin to fly ofl* in straight lines, as the 
water does from a grindstoner when it is turned rapidly. 

Centre of Gravity, 
The centre of gravity^ in any body or system of bodies, is 
that point upon which the body, or system of bodies, acted 
upon only by gravity, will balance itself in all positions. 

The centre of gravity, in a wheel made entirely of wood, 
and of equal thickness, would be exactly in the middle, or in 
its ordinary centre of motion. But if one side of the wheel 
were made of iron, and the other part of wood, its centre of 
gravity would be changed to some point, aside from the centre 
of the wheel. 

Fig. 17. Thus, the centre of gravity in the 

wooden wheel, fig. 17, would be at 
the axis on which it turns ; but were 
the arm a, of iron, its centre of mo- 
tion and of gravity would no longer 
be the same, but wliile the centre of 
motion remained as before, the cen- 
tre of gravity would fall to the point 
a. Tnus the centre of motion and 
of gravity, though often at the same 
point, are not always so. 
When the body is shaped irregularly, or there are two or 
more bodies connected, the centre of gravity is the point on 
which they will balance without falling. 

Fig. 18. If the two balls a and h, fig. 18, 

^^ ^^ weig^h eacb four pounds, tiie centre of 

jflk ■— — ^P gravity will be a point on the bar equal- 

^^ ^^ fy distant from each. 

'Why must laige wheels turning with mat velodty, be stronely made 7 
What would be the oonsequenoe, were the velocity of the eaitn IT times 
greater than khl Where is the centie of gravity in a bod;^ 1 Where is 
die centre of gravity in a wheel, made of wood 1 Tf one side is made of 
wood, and the other of iron, mhae vt this eentre 1 Is the centre of motion 
and of gravity always the same 1 
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^* 19. But if one of the balls be hearier than 

the other, then the centre of gravity wtll, 
. in proportion^ approach the larger halL 
'Thus m fig. 19, if c weighs two pounds 
and d eight pounds, the centre of grav- 
ity will be four times the distance fronr 
c that it is from d. 

In a body of equal thickness, as a board, or a slab of noar- 






, irking by means of a plumb nne tne per- 
pendicular ranges from the point of suspension. The centre of 
gravity will be the point where these two lines cross each other. 
Thu^ if the irregxilar shaped piece of board, fig. 20, be 
Fi|t« dtK Fig. 31. Fig. 93. susoended by 

maKing a hole 

V**-*-..,.^^^ throu^n'it at 

\ ^^ thepomta,and 

\ \.J^v lit the same 

V^ \ point suspend- 

\ y^xvig the plumb 

V^ line c, both 

board and line 

will hang in 

lh<^ )H>aitiv^ii wpit^entod in the figure. Havinjf marked Ais 
\\\\o acn>« ll^e lK>ard, let it be suspended again m the position 
of rtjy. St\s and the perpendicular line again marked. The 
|H^Uu where thej^e lines cross each other, is the centre of gravi- 
ty* a« neen by lijf. 23. 

* It i« often or great consequence, in the concerns of life, 
thiU O^e nubjeet of gravity should be well considered, since 
tlie i»tivngtK of buildings, and of machinery, often depends 
ehietly on tlie gravitating point. 

Oommon experience teaches, that a tall object, with a nar- 
»H>w l>a!»e, or roundation, is easily overturned ; but common 
experience does not teach the reason, for it is only by under- 
utandlng principles, that practice improves experiment. 

An upright object will fall to the ground when it leans so 
tnueh that a perpendicular line from its centre of mvity falls 
beyond its base. A tall chimney, theref ore, with a narrow 

Whwi two boiUM aro connected, as by a bar between them, where is th# 
eentioorgmvilyl In a bowd of irregular ihape, by what method is the cen 

trv of gravity luund 1 
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Fig. 33. 




fottiidation, such as are commonly built at the present day, 
will fitil with a very slight inclination. / 

Now in falling, the centre 'of gravity passes through the part 
of a circle, the centre of which is at the extremity of the base 
on which the body stands. This will be comprehended bv 
lig. 23. 

Suppose the figure to be a block of 
marble, which is to be turned over, by 
lifting at the corner a, the comer d would 
be the centre of its motion, or the point 
on which it would turn. The centre of 
gravity, c, woidd, therefore, describe the 
part of a circle, of which the corner, <f, is 
the centre. ' 

It wOl be obvious, after a little consideration, that the 
greatest difficulty we should find in turning over a square 
block of marble, would be, in first raising up the centre of 
gravity, for the resistance will constantly become less, in pro- 
portion as the point approaches a perpendicular line over the 
comer d, which, having passed, it will fall by its own gravity. 
The difficulty of turninff over a body of a particular form, 
will be more strikingly illustrated by the figure of a triangle, 
or low pyramid. 

Fig. 24. Iq u„ 24, the centre of gravity is so 

low, and the base so broad, that in turning 
,it over, a great proportion of its whole 
'weight must be raised. Hence we see the 
firmness of the pyramid in theory, and ex- 
perience proves its truth ; for buildings are 
found to withstand the effects of time, and 
the commotions of earthquakes, in proportion as they approach 
this figure. 

The most ancient, monuments of the art of building, now 
standing, the pyramids of^Igypt, are of this form. 

Whei a ball is rolled on a horizontal plane, the centre o 
gravity is not raised, but moves in a straight line parallel to 

In what direction must the centre of gravity be from the outside of the 
base, before the object will fall 1 In fallmg, the centre of gravity passes 
through part of a circle ; where is the centre of this circle 1 In turning over 
a body, wny does the force required constantly become less and less 1 W hy 
IS Uiere less force required to overturn a cube, or square, than a pyramid of 
the same weight 7 When a ball is rolled on a horizontal plane, in what di- 
rection does the centre of gravity move ? 
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thesiir&ce of the plane on which it rolls, and is consequently 
always directly over its centre of motion. 

*^' Suppose, fiff. 35, a is the plane on 

which the bau moves, b the line on 
which the centre of gravity movei^ 
.^ and c a plumb line, showing that ^e 
centre of gravity must always be ex- 
actly over the centre of motion, when 
the ball moves on a horizontdl plane 
— then we shall see the reason why a 
# ball moving on such a plane, will rest 

with equal firmness in any position, and why so little force is 
required to set it in motion. For in no other figure does the 
centre of gravity describe a horizontal line over that of mo- 
tion, in whatever direction the body is moved. 

^* If the plane is inclined downwards, 

the ball is instantly thrown into motion 
because the centre of gravity then falls 
forward of that of motion, or the point 
on which the ball rests. 

This is explained by fig. 26, where 
a is the point on which the ball rests, 
or the centre of motion, c the perpen- 
dicular line from the centre of graWty 
as shown by the plumb weight c. 

If the plane is inclined upward, force 
is rcqxiired to move the balJ in that di- 
rection, because the centre of gravity then falls behind that 
of motion, and therefore the centre of gravity has to be con- 
stantly lifted. This is also shown by fig. 26, on y consider- 
ing the ball to be moving up the inclined plane, instead of 
down it. X 

From these principles, it will be readily understood, why 
50 nuich force is required to roll a heavy body, as a hogshead 
of sugar, for instance, up an inclined plane. The centre of 
gravity falling behind that of motion, the weight is constantly 
acting against the force employed to raise the body. 




Explain fig, 85. Why does a ball on a horizontal plane rest cuually well 
in all positional Why does it move with little force 1 If the plane is in- 
clined downwaids, why does the ball roll in that direction 1 Why is foiw? 
required to move a ball up an inclined plane? 
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Fig. 38. 



Fig^n ' From what has been stated, it wiQ be nndar- 
stood, that the^langer that a body will fidl, is in 
proportion to die narrowness of its base, com- 
pared with die height of the centre of grayity 
above the base. 

Thus a tall body, shaped like ^g. 27, will 
fall, if it leans but very slightly, for the centre 
of gravity being far above tne base, at a, is 
brought over the centre of motion, 6, with lit 
tie inclination, as shown by the plumb line. 
Whereas a body shaped like fig. 28, will not 
fall, until it leans much more, as again shown 
by the direction of the plumb Une. 

We may learn firom these comparisons, that 
it is more dangerous to ride in a tiigh carriage 
than in a low one^ in proportion to the elevation 
of the vehicle, and the nearness of the wheels 
to each other, or in proportion to the narrow*- 
ness of the base, and the neight of the centre of 
gravity. A load of hay upsets where the road 
raises one wheel but littiie niffher than the other* 
because it is high, and broader on the top than 
the distance of the wheels from each other; while a load of 
stone is very rarely turned over, because the centre of |rravity 
is near the earth, and its weight between the wheels, instead 
of being far above them. 

In man the centre of gravity is between the hips, and hence, 
were his feet tied together, and his arms tied to hb sides, a 
very slight inclination of his body would carry the perpendi- 
cular of his centre of gravity beyond the base, and ne would 
fall. But wheo his limbs are nee to move, he widens his 
base, and changes tlie centre of gravity at pleasure, by throw- 
ing out his arms, as circumstances require. 

When a man runs, he inclines forward, so that the centre 
of gravity may hang before his base, and in this position, he is 
obliged to keep his feet constantly advancing, otherwise he 
would fall forward. 




What is the danger that a bod^ will fall proportioned to 1 Whv ia a bo> 
dy, shaped like fi^. 27, more easily thrown down, than one shaijed like iig. 
$£ 7 Hence, in nding in a carriage, how is the danger of upsetting propor* 
tionedl Where is the centre of a man's gravity? why wilfamanodl^nth 
a slight inclination, when his feet and arms axe tied ? 
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wilfaoiit«t tba $um% time AMWWf hi« o^}ier l»ot bftOLwirdt In 
eiHler to k6q> bb oentre of gnri^ mtiuA ^ btse. 

A Buia» iberelbre^ atuidinf «nta his heek a^auisl # perpen- 
dicular waU, cannot stoop forward witfaaui falling, bcM^use the 
vaQ prevents his throwioif any part of his Ix^y backward. 
A p«rs<m» little rersed in such thiws, agreed to pay a certain 
sum of naoney for an opportunity ofpossessing himself of doa> 
ble the suoit oy taking it from we noor with nis heels a|;alnst 
the walL The man, of course, lost his money,' for in such » 
posture, one can haidly reach lower than his own knee. 

The base, on whicn a man is supported, in walking or 
standing, is his feet, and the space between them. ^ tuminc 
the toes out, this base b maoe broader, without taking much 
from its length, and hence persons who turn their toes outward, 
not only walk more firmly, but more gracefully, than those 
who turn them inward. 

In consequence of the upright position of man, he is con- 
stantly obhged to employ some exertion to keep his balance. 
This seems to be the reason why children leani Mf walk with 
so much difficulty, ibr after they hare strength to stand, it re- 
quires considerable experience, so to balance the body, as to 
set one foot before the other without fiilling. 

By experience in Uie art of balandng, or of keeping tlie 
centre of gravity iti a line over the base, men sometimes per- 
form things, that, at first sight, appear altofether beyond hu- 
man power, such as dining with the table and chair standing on 
a single rope, dancinff on a wire, 6lc 

No ibrm under wiuch matter exists, escapes the general 
law of gravity, and hence vegetables, as well as animals axe 
formed with reference to the position of tl^s' centre, in respect 
to the base. 

It is interesting, in reference to this circumstance, to ob- 
serve how exactfy the tall trees of the forest conform to this 
law. 

The pine, whicli grows a hundred feet high, shoots up with 
as much exactness, with respect to keeping its centre of gra* 
vity within the base, as though it had been directed by the 

Why cannot one who rtands with his heeb against a wall stoop fiyrward ? 
Why does a person wnSk most firmly, who tains his toes outward 1 Why 
does not a chad waBc as so<m as he can stand? In what does the art of ba- 
bowfaig, or waOdng on a rope, ecrasist ? What is diserved m the growth of 
the (fees of the forest, in respect to the laws of gnmty ? 
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plunib line of a master builder. Ita limbs towaxds tbe top are 
sent off in conformity to the same law; ench one growing in 
respect to the other, so as to preserre a dne balance oe- 
tween the whole. 

It may be observed, also, that where many trees grow near 
each other, as in thick forests, and consequently where the 
wind can have but little effect on each, that they uways grow 
taller than when standing alone on the pkdn. The rf>otB of 
such trees are also smaller, and do not strike so deep as those 
of trees standing alone. A tall pine, in the nridst of the for- 
est, would be tmrow& to the growid by the first blast of wind, 
were all those around it cut away* 

Thus, the trees of the forest, not only grow so as to pre- 
senre their centres of gravity ; but aetuaSy conform, in a cer- 
tun sense, to thdr situation. 

Centre of Inertia. 

It will be remembered that inerUaiB one of the inherent, or 
essential properties of matter, and that it is in consequence of 
liiis property, when bodies are at rest, that they never move 
without the application of force, and when once in motion, that 
they never cease movinff without some external cause. 

iHow inertia, though, uke gravity, it resides equally in every 
particle of matter, must have, like gravity, a centre in eacn 
particular body, and this centre is the same with that of gra- 
vity. 

In a bar of iron, six feet long, and two inches square, the 
centre of gravity is just three feet from each end, or exactly in 
the middle. If, ^erefore, the bar is supported at this point* 
It will balance eqmlly, and because there are equal weights 
on both ends, it will not fall. This, therefore, is the centre of 
gravity. 

Now suppose the bar should be raised by raising up the cei'- 
tre of gravity,- then the inertia of all its parts woula be ovec- 
come equally with that of the middle. The centre of gravity 
is, therefore, the centre of inertia. 

The centre of inertia, being that point, which, beinff lifted, 
the whole body is raised, is not, therefore, always at the cen* 
tre of the body. 

What effect does inertia hare on bodies at vest 1 What effeet does it haw 
onhodiesinmotioiil Is the centre of inertia, and that of mvit^r, the saiDel 
Where la the centre of inertia in a body, or a sTstem of IkmibsI 
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^ *• ^^,^ Thus, suppose the nme bar of iroiip 
""^ liose inertia was OTercome by raisiiig 
e centre, to hare balls of different 
Bights attached to its ends ; then the 
ntre of inertia would no longer re-, 
main in the middle of the bar, but would be changed to the 
point a, fig. 29, so that to lift the whole, thb point must be 
laisedy in^ead of the middle, as before. 

Equilibrium, 

When two forces counteract, or balance each other, they 
ure said to be in equilibrium. 

It is not necessary for this purpose, that the weights oppos- 
ed to each other should be equally heayy, for we have just seen 
that a small weight placed at a distance from the centre ol 
inertia, will balance a large one placed near it To produce 
eqiulibrium, it is only necessary, that the weights on each 
side of the support should mutually counteract each other, or 
if set in motion, that their momenta should be equal. 

A pair of scales are in equilibrium, when the beam is in a 
horizontal position. 

To produce equilibrium in solid bodies, therefore, it is only 
necessary to support the centre of inertia, or grayity. 

Fig. 30. If a body, or several bodies, con- 

nected, be suspended by a string, 
as in fig. 30, the point of support 
is always in a perpendicular line 
above the centre of inertia. The 
plumb line <2, cuts the bar connect- 
m^ the two balls at this point. 
Were the two weights in this figure 
equal, it is evident that the hook, or 
point of support, must be in the mid- 
dle of the string, to preserve the horizontal position. . 

When a man stands on his right foot, he keeps himself in 
eauilibrium, by leaning to the right, so as to bring hb centre 
of gravity in a perpendicular line over the foot on which he 
stands. 

Why ii tbe pomt of inertia changed, hj fixing different weights to tbt 
•ndfloftiieirQiib^l What is meant by equilibrium 1 To prnhioe equi 
fibriom, most the weights be equal? Whenisapairofscalesineamlibrima 
When a body is suspended by a string, vrhete must the siqvpoit be wiA n 
•pect to the point of Wtla 1 
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Curvilinear^ or heni MaHon. 

We have seen that a single force acting on a body, drive • it 
straight forward, and that two forces acting crosswise* dxivt it 
midway between the two, or give it a diagonal direction. 

CinrFilinear motion differs from both these, the direction of 
the body being neither straight forward, nor diagonal, but 
through a line which is cunred. 

This kind of motion may be in any direction, but when it 
ifl produced in part by gravity, its direction is always towards 
the earth. 

A stream of water from an aperture in the side of a vessel, 
as it fiiUs towards the ground, is an example of a curved line, 
and a bod^ passing through such a line, is said to have curvUu 
mar motion. Any body projected forward, as a cannon ball 
or rocket, falls to the earth in a curved line. 

It is the action o/ gravity across the course of the stream, 
or the path of the ball, that bends it downwards, and makes it 
form a curve. This motion is therefore the result of two for- 
ces, that of projection, and that of gravity. 

The shape of the curve, will depend on the velocity of the 
stream or ball. When the pressure of the water is great, the 
stream, near the vessel, is nearly horizontal, because its velo- 
city is in proportion to the pressure. When a ball first leaves 
the cannon, it describes but a slight curve, because its projec- 
tile velocity is then greatest. 



Fig. 31. 




The curves prescribed by jets of 
water, under di^rent degrees of pres- 
sure, are readily illustrated by tapping 
a tall vessel in several places, one 
above the other. 

Suppose fig. 31 to be such a vessel, 
filled with water and pierced as repre- 
sented. The streams will form curves 
differing from each other, as seen in 
the figure. Where the projectile force 
is greatest, as from the lower orifice, 
the stream reaches the ground at the 
ffreatest distance from the vessel, this 
distance decreasing, as the pressure 



yrhfttismeaiitbycarrilinear motioiil What are ezampiei of this kind 
of motioiil What two Ibices produce this motkml On what does the 
shape of Uie cuTW depend ? How an the curves deseiibedbj jets of water 
mastntedl 

6» 
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beconiM less tovmrds the top of the TesseL The action ol 
gnvity beiiig always the same, the shape of the cunre de« 
scribed, as just stated, must depend on the Tdocity of the mor- 
ing hodyr ; but whether the projectile force be great or small, 
the moving body, if thrown horizontally, will reach the ground 
from the same height in the same time. 

This, at firbt thought, would seem improbable, for without 
consideration, most persons would assert, very positively, that 
if two cannon were fired from the same spot, at the same in- 
stant, and in the same direction, one of tne balls falling halt 
a mile, and the other a mile distant, that the ball which went 
to the ^eatest distance, would take the most time in perfoi^m- 
inff its ^]oumey. 

But it must be remembered that the projectile force does 
not in the least interfere with the force of sravity. A ball 
flying horizontally at the rate of a thousand feet per second, 
is attracted downwards with precisely the same force as one, 
flyinff only a hundred feet per secona, and must therefore de 
scend the same distance in the same time. 

The distance to which a ball will go, depends on the force 
of impulse given it the first instant, and consequently on its 
projectile velocity. If it moves slowly, the distance ^11 be 
short— if more rapidly, the space passed over wHl be greater. 
It makes no difference, then, in Tespect to the descent of the 
ball, whether its projectile motion be fast, or slow, or whether 
it moves forward at aD. 

This is demonstrated by experiment. Suppose a cannon to 
be loaded with a ball, and placed on- the top of a tower, at such 
a height from the ground, that it would take just three seconds 
for a cannon ball to descend from it to the ground, if let fall 
perpendicularly. Now suppose the cannon to be fired in an 
exact horizontal direction, and at the same instant, the ball to 
be dropped towards the ground. They will both reach the 
grouna at the same instant, provided its surface be a horizon- 
tal plane from flie foot of the tower . to the place where the 
projected ball strikes. 

What diffeiesnce is there in respect to the time taken by a body to reach 
the ground, whether the curve be great or small 1 Why do bodies forminff 
different curves from the same h^ht, reach the grouna at the same time 1 
^ Suppose two baUs, one flying at the rate of a thousand, and the other at the 
rate of a hundred fe^ per second, which would descend most during the se- 
cond 1 Does it make any difference in respect to the descent of the balL 
whether it has a projectile motion or ««*^ n-'-wse, then, ope baH be fired 
from a cannon, and another le^^n eheuhtatthesameuu^ant 

woidd thi^ bioth reach the gr ^a»J 
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Tliis will b« madd plain by fiff. 92, where a is the perpen* 
dicular line of the descending bUl, d 6 the curvilinetr patn of 
thai projected from the cannon, aiid ^ the hoiteonw line 
from the foot c^ the tower. 




The reason why the two balls wOl reach the ground at the 
same time, is easity comprehended. 

During the first second, suppose ths^t the ball which is 
dropped, reaches 1 ; during the next second it falls to 2, and 
at the end of the third second it strikes the ground. Mean- 
time, the ball shot from the cannon is projected forward with 
such Telocity as to reach 4 in the same time that the other 
is falling to 1. But the projected ball falls downward exactly 
as fast as the other, for it meets the line 1, 4, which is parallel 
to the horizon at the same instant. During the next second, 
the projected ball reaches 6, while the oUier arrives at 2; 
and liere again they have both descended through the same 
downward space, as is seen by the line 2, 5, which is parallel 
with the other. During the third second, the ball from the 
cannon will have nearly spent its projectile force, and there- 
fore, its motion downward will be greater, while its motion 
forward will be less than before. The reason of this will 
be obvious, when it is considered, that in respect to gravity, 
both balls follow exactly the same law, and fall throu^ equal 
spaces in equal times. Therefore as the falling ball descends 
through the greatest space during the last second, so that 
from me cannon, having now a less projectile motion, its down- 
, ward motion is more direct, and, like aft falling bodies, its velo- 
city is increased as it approaches the earth. 

Explain fig. < 32, sho^nnff the reason wh^ the twa balls will reach tha 
gnmnd at the tame time. Why does the bau approach the euth move 
nqpidly in the buit pait of the euive, than in the first paitl 
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From these principles it mtiy be inferred, that the hori- 
zontal motion of a body through the air, does not in the least 
interfere with its srayitating motion towards the earth, and 
therefore that a rifle ball, or any other body projected forward 
horizontally, will reach the gronnd in exactly the same period of 
time, as one that islet fall pei^ndicularly from the same height 
The two forces acting on bodies which fall through curved 
lines, are the same as the centrifugaf and centripetal forces, al- 
ready explained ; the centrifugal, in case of the ball, being caused 
by the powder — the centripetal, being the action of gravity. 

Now, it is obvious, that the space through which a cannon 
ball, or any other body, can be thrown, depends on the velocity 
with which it is projected, for the attraction of gravitation 
and the resistance of the air acting perpetually, the time which 
a projectile can be kept in motion, through the air, is only a 
few moments. 

If, however, the projectile be thrown from an elevated situ 
tion, it is plain that it would strike at a greater distance than 
if thrown on a level, because it would remain longer in the 
air. Every one knows that he can throw a stone to a greater 
distance, when standing on a steep hill, than when standing 
on the plain below. 

Bonaparte, it is said, by elevating the ran^e of his shot, 
bombarded Cadiz from the distance of five miles. Perhaps, 
then, from a high mountain, a cannon ball might be thrown to 
the distance of six or seven miles. 

Suppose the circle, fig. 
33, to be the earth, and a 
a high mountain on its 
surface. Suppose that 
this mountain reaches 
above the atmosphere, or 
is fifty miles hiffh, then a 
cannon ball might perhaps 
reach from a to 6, a dis- 
tance of eighty or a hun- 
dred miles, because the 
resistance of the atmo- 
sphere beinff out of the 
calculation, it would have 
nothing to contend with, 
except the attraction ol 

What is the fbice called which throws a biOl forward 1 
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grmTitation. Jt, tben, one degree of foree, or relocitff wonU 
flend it to 5,. another would send it to c : and if the force was 
increased three times, it would fall at d, and if four times, it 
would pass to €. If now we suppose the force to be about ten 
times mater than that with which a cannon ball is projected* 
it woiud not &11 to the earth at any of these points, out would 
continue its motion, until it again came to the point a, the 
*place frofn which it was first projected. It would now be in 
equilibrium, the centrifugal force being just equal to that of 
gravity, and therefore it would perform another, and another 
revolution, and so continue to reyolve around the earth per- 
petually. 

The reason why the force of gravity will not ultimately 
bring it to the earth, is, that during the first revolution, the 
effect of tiiis force is just equal to that exerted in,any other 
revolution, but neitfier more nor less ; and, therefore, if the 
centrifugal force was sufficient to overcome this attraction du- 
ring one revolution, it would also overcome it during the next 
It is supposed, also, that nothing tends to affect the projectile 
force except that of gravity, and the force of -this attraction 
would be no greater during any other revolution, than during 
the first 

In other words, the centrifugal and centripetal forces are 
supposed to be exactly equal, and to mutually balance eadh 
other ; in which case, me ball would be, as it were, suspended 
between them. As long, therefore, as these two forces con- 
tinued to act with the same power, the ball would no more 
deviate from its path, than a pair of scales would lose their 
balance without more weight on one side than on the other. 

It is these* two forces \mich retain the heavenly bodies in, 
their orbits, and in the case we have supposed, our cannon 
ban would become a little satellite, moving perpetually round 
the earth. 

Resultant Motion, 

Suppose two men to be sailing in two boats, each at the 

What is that called, which brings it to the ground 1 On what does the 
difltance to which a projected body may be thrown depend 1 Why does the 
^Bfltanoe depend upon the veloci^ 1 Explam fig. 33. Suppose the velocity 
oitL cannon baO shot ftom a mountain 50 miles high, to be ten times its usuai 
late, wherowould it atop^ When would this ball be in equilibrium ? Why 
wocdd not the Ibroe of gravity ultimately bring the ball to the earth 1 After 
the first levdution, if fie two finoes continum the satne, W0cild Qot the in£»- 
lioQ of the ban be perpetual 1 
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nt« of four miles an houB, atariiort iKslinee oppoidte t 
olberf and fuppOM as tkey ara saiUiig aloag is Utaa maimer 
on* Ckf the men throws die other an apple. Itt respect to tftt 
boatSy tiie apple would pajM directly across, Aom <me to Ae 
odiar« that is, its Hue of direction would be p^rpencBciilar to 
the sides of the boats. But its actual Jkae throti^h the an*, 
would be oblifflie, (nr diagonal, in respect to the sides of the. 
boats, because m passing from boat to boat, it is impelled bv' 
two forces, yiz. the force of the motion of the boat forward, 
and the force by which it is thrown by the hand across this 
motion. 

This diagonal motion of the apple is called the rMultant^ 

or the resmting motion, because it is the effect, or result, oi 

two motions, resolved into one. Perhajps this will be more 

^^ig. 34. clear by fig. 94, where a h, and e 

d, are supposed to be the sides 
tf ■ 9\ — . ^A * ^^ *^6 two boats, and the line ef, 

that of the apple. Now the apple, 
when thrown, has a motion with 
the boat at the rate of four miles 
J an hour, from c towards J, and this 
^ motion is supposed to continue just 

as though it had remained in the boat. Had it remained in the 
boat during the time it was passing from e to/, it would hare 
passed from e to A. But we suppose it to hare been thrown 
at tlie.rate of eight miles an hour in the direction towards g*, 
and if the boats are moving south, and the apple thrown to- 
wards the east, it would pass, in the same time, twice as &r 
towards the east as it did towards the south. Therefore, in 
respect to the boats, die apple would pass in a perpendicular 
line from the side of one to that of the other, because they 
are both in motion, but in respect to one perpendicular line 
drawn from the point where the apple was thrown, and a 
parallel line with diis, drawn frcmi the point where it strikes 
the other boat^ the line of the apple would be obHque. This 
will be clear, when we consider that when die afH>}e is thrown, 
the boats are at the points ^ and ^, and that when it strikes, 
they are at h and /, these two pomts being opposite to each 
other. 

■ I I I I I I I ■■■■ ■■!■ 

Suppose two boats, saUing at the same rate and in the same diractien, L 
on apple be tossed ftom one to the other, what wiU be Hs diieetion in raq^ 
to Che boats'? THiat would be tta line through the ah, miesp^ to the beats Y 
What is this kind of motion called? Why is it callsd resoltaBt notkm 1 
Explain % 34. 
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The Hne €,/, trough wKicli the appk is ihrown, i» ttlAed 
the diagcmri of a pmlielogirtin, as already explained uadet 
coBipound motion. 

'On die above pmeiple, if two ships, during a batUe, are 
eailing before the wind at eqtial rates, the aim of the gmmere 
will be exactly the same as though they stood stiU ; whereas 
if the gunner fires from a ship standing still, at anotiber under 
eail, he takes his aim forward of the mark he intends to hit, 
becanse the ship would pass a little forward while the ball is 
froing to her. And so, on the contrary, if a ship in motion 
fires at another standing still, the aim must be behind the 
mark, because, as the motion of the ball partakes of that of 
die ship, it will strike forward of the point aimed at. 

For the same reason, if a ball be dropped from the topmast 
of a ship under sail, it partakes of the motion of the ship for- 
ward, and will Ml in a line with tfie mast, and strike the same 
point on the deck, as though the ship stood still. 

If a man upon the full run drops a bullet before him from 
the height of his head, he cannot ran so fiust as to overtake it 
before it reaches the ground. 

It is on this princi^e, that if a cannon ball be shot up ver- 
tieally from the earth, it will fall back to the same point ; for 
although the earth moves forward while the ball is in the air, 
yet as it carries this motion with it, so the ball moves forward 
also, in ,an equal degree, and therefore comes down at the 
same place. 

Iffnoranee of these laws induced the story-makinff sailor to 
tell his comrades, that he once sailed in a ship which went so 
&8t, that when a man fell from the mast-head, the ship sailed 
away and lefl the poor fellow to strike into the water behind 
her. 

Pendulum, 

A pendulum is a heavy body, such as a piece of brass, or 
lead, suspended by a wire or cord, so as to swing backwards 
and forwards. 

. Why would the line of the apple be actually perpendicular in lespect to 
the boats, but oblique in respect to parallel lines drawn from where it was 
tihiown, and where it struck 1 How is this ftirther illustrated 1 When the 
ships are in equal motion, where does the gunner take his aim 1 Why does 
he aim forward of the mark^ wl^n the other ship is in motion 1 If a map in 
mo^n fires at one standiiuf still, where must be the aim ? Why, in thi* 
case, must the aim be behina the mark ? What other illttstratioiis are jpven 
of resultant motion 1 What is a pendulum 1 
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When a pendidam swings, it is said to vibrate ; and that 
part of a cirele through which it vibrates, is called its arc. 

The times of die Tibration of a pendulum are very nearly 
•qual, whether it pass through a greater or less part of its arc. 

Fig. as. Suppose a and 

5, fig. 35, to be 
two pendulums 
of equal length, 
and suppose the 
weights of each 
are carried, the 
one to c, and the 
other to (2, and 
both let fan at 
the same instant ; 
tlieir Tibrations would be equal in respect to time, the one 
passing Uirough its arc from c to 0, and so back asain in the 
aame time that the other passes from d to/, and back again. 

The reason of this appears to be, that when the pendulum 
is raised high, the vction of gravity draws it more directly 
downwards, and it therefore acquires, in falling, a greater 
oomparative velocity than is proportioned to the tnfiing differ- 
ence of height. 

In the common clock, the pendulum is connected with 
wheel work, to reffidate the motions of the hands, and with 
weiffhts by which tiie whole is moved. The vibrations of the 
pendulum are numbered by a wheel having sixty teeth, which 
revolves once in a minute. Each tooth, therefore, answers 
to one swing of the pendulum, and the wheel moves forward 
one tooth in a second. Thus the second hand revolves once 
in every sixty beats of the pendulum, and as these beats are 
seconds, it goes round once in a minute. By the pendulum, 
the whole machine is regulated, for the clock goes faster, or 
slower, accordinff to its number of vibrations in a given time. 
The number of vibrations which ?. pendulum makes in a given 
time, depends upon its length, because a long pendulum does 
not perform its journey to and from the corresponding points 
f its arc so soon as a short one. 

What 18 meant by the vibfation of a penduhun 7 What is that part of a 
dicle called, thiough which it swingB 1 Why doee a peiidbium vibrate in 
equal time, in^ether it goes through a small or large part of its arc'1 De- 
SBiibe the common clodL. How many vibrations has the pendulum in a 
minvte 1 On what depends the number of vibrations whicn a pendulum 
makss in a gif«D time 1 
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As the motion of the clock is regulated entirely by the' 
pendulum, and as the number of vibrations are as iti^ lenffth* 
the least yariation in this respect will alter its rate of ffomg. 
To beat seconds, its length must be about 39 inches, in the 
common clock, the length is regulated by a screw, which 
raises and lowers the weight But as the rod to which the 
weight is attached, is subject to variations of length in conse- 
quence of the change of tne seasons, being contracted by cold 
and lengthened by neat, the common dock goes faster m win 
ter than in summer. 

Various means have been contrived to counteract the effects^ 
of these changes, so that the pendulums may continue the same 
length the whole year. Amonff inventions for this purpose, 
the gridiron pendulum is cons^ered the best. It is so called, 
because it consists of several rods of metal connected together 
at each end. 

The principle on which this pendulum is constructed, is de- 
rived from the fact, that some metals dilate more by the same 
degrees of heat than others. Thus brass will dilate twice as 
much by heat, and ccmseauently contract twice as much by 
cold, as steel. If then tnese aifierences could be made to 
counteract each other mutually, given points at each end of a 
system of such rods would remain stationary the year round, 
and thus the clock would go at the same rate in all climates, 
and during all seasons. 
Fig. 36. This important object is accomplished by the fol- 
f lowing means. 

I Suppose the middle rod, fig. 36, to be made of 

brass, and the two outside ones of steel, all of the 
same length. Let the brass rod be firmly fixed to 
the cross pieces at each end. Let the steel rod a, 
be fixed to the lower cross piece, and &, to the upper 
cross piece. The rod a, at its upper end passes 
through the cross piece, and in like manner, b 
passes through the lower one. This is done to pre- 
I vent 'these small rods from playing backwards and 
I forwards as the pendulum swings. 
I Now as the middle rod is lengthened bv the heat 

^^ twice as much as the outside ones, and the outside 
rods together are twice as lonff as the middle one, 
the actual length of the pendmum can neither be 




Wliat is the medium length of a pendulum beating MCXHidsl Why 
does a common dock go faster m winter than in summer 1 

6 



•( Tto nuke diia rtlll ^abier, H^pcMe Oe lover 
(TOM piece, fig. 37, to be Btaodiiig on ■ ttUe^M dai 
it «niw not be lengthened downwmrfa, maa "nrooae, 

S- the heet of Bummer, the middle rod of bnn 
odd increaae one inch in lei^th. TioM wtftM 
' etente the upper crow piece m inch, but mt the 
auoe lime the Bted rod a, nrelb half an indi, and 
At iteel rod h, h(Jf an inch, therefore, the two 
_ noinla C and d, would remwn exactly at the same 
^^^^dblance from each other. . , , . 

&« il (1 tkv force of gT»Tity which draws the weight of U» 
11 1 airfare *»*"> *" h'l*'**' ?*>'"' "^ '*■ "■* downwards, and 
*-'*>« Atr(« tncrcasefc or diminiihea, as bodies approach to- 
ypJbi t|i« <*nl« of the earth, ot recede from it, so the pendn- 
, .. ■ . !„ . r. ■. 1 1, .-r sliiwrr, in proportion as this attiac 

V :;u,l ihal llii- I'fiflh at the eqnnlor rises highci 

ili«n tt ilitcs at the poles, for towards the 
aM. The poiiHtiliim, therefore, being more 
, ,1 m itio )»A(^ than at (he equator, vibrates 
. uNHnMi. a rltifk that would keep exact time 
.. .'M («*" ItiiK' at the poles, for the rate at 
V ■.'. ,V|Wiwl!i on llw number of Tibrations its 
I,... itiiwft«r»s jicniluluma, in order to heal 
1 S> »*"«« at the equator and longer at tlie 

rM*iMV • elork which keeps exact time at 
MtWlilttin would move slower on its top. 
fiMwtHltim. need by musicians for marking 




_„, to Ttbrale fast or slow, i 
immiinent is called a wctroTtome, and 
fyM*l*U of sevei'Bl wheels, and a spiral 
" " it HioY pd. ThJH pendulum is only 

'%/■ llw (•Kiuhiluni, (o make tho cloch go true 

' ii4ii on which the gridiion pendiBum is 

^ .f tthti-Ji this inBtnuoent is laoidel Ex- 

wk( lh« Irngth of (ho pemlulum win not 

Kx[dun fig. 37. Whttl is tho 

m-nbratol Eiplain tha reus™ 

-__^,j _, A' fkiTa wid Blower Bt the tquator, 
"■I^^IA* M— Mr Iw mule lo go tme at lh« 
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ten or MttFe inches Ions, and instead of being sospended by 
the endy nke other pendiuums, the rod is prolonged aboye the 
point of suspension, and there is a ball placed near the upper, 
as well as at the lower extremibr. 

I This arrangement will be understood 

^/*\ by fig. 38i ¥mere a is the axis of sus- 

/\^\ pension, b the upper baD, and c the 

i lower one. Now when this pendulum 

^ yibrates from the point a, ue upper 

ball constantly retards the motion of 
the lower one, by in part counterba- 
lancing its weight, ana thus preven - 
ing^its full velocity downwards. 

Perhaps this will be more appurent, 
by placing the pendulum, fig. 39, for 
a moment on its side, and across a 
bar, at the point of suspension. 
In this position, it will be seen, 
^.— V f that the little ball would prevent 

— / J -^"V^^ *^® large one from falling wiUi 

^*^ its full weight, since, were it 

moved to a certain distance from 
the point of suspension, it would balance the large one, so that 
it would not descend at all. It is plain, therefore, that the 
comparative velocity of the large ball, wUl be in proportion 
as the small one is moved to a greater or less distance from 
the point of suspension. The metronome is so constructed, 
the little ball^being made to move up and down on the rod, at 
pleasure, and thus its vibrations are made to beat the time of 
a quick, or slow tune, as occasion rt<;;uires. 

By this arrangement, Uie instrument is ::^Bde to vibrate every 
two seconds, or every half^ or quarter of a second, at pleasure. 




Fig.39. 



MECHANICS. 

Mechanics is a science which investigates the laws and ef- 
fects of force and motion. 

Will a dock keep equal tiipe at the tooi, and on the top of a hiffh tt^oiinh 
taint Wlnr willttnotl What is the metronome 1 How does ^e pendo- 
him ^er mm cotnmnn pendnlmns 1 How dolt the tipper ball retiad the 
motion of the lower <Hie? Uow ie the metronome made to go fiurter or rioirer 
atpbasure? What k mechwDipil 



64 MECHANICS. 

The practical object of this science is, to teachc the best 
modes of oyercommg resistances by means of mechanical 
powers, and to apply motion to useful purposes, by means ol 
machinerr. 

A machine is any instrument by which power, motion, ct 
velocity, is applied, or regulated. 

A machine may be very simple, or exceedingly complex. 
Thus, a pin is a machine for fastening clothes, and a steam 
eneine is a machine for propelling mills and boats. 

As machines are constructed for a vast variety of purposes, 
their forms, powers, and kinds of movement, must depend on 
their intended uses. 

Several considerations ought to precede the actual construc- 
tion of a new or untried machine ; for if it does not answer the 
purpose intended, it is commonly a total loss to the builder. 

Many a man, on attempting to apply an old principle to a 
new purpose, or to invent a new machine for an old purpose, 
has been sorely disappointed, having found, when too late, 
that his time and money had been thrown away, for want oi 
proper reflection, or requisite knowledge. 

If a man, for instance, thinks of constructing a machine for 
raising a ship, he ought to take into consideration the inertia^ 
or weighty to be moved — the force to be applied — the strength 
of the materials, and the spcLce, or situation, he has to work in. 
For, if the force applied, or the strength of the materials, be 
insufficient, his macnine is obviously useless ; and if the force 
and strengtii be ample, but the space be wanting, the same re- 
sult must follow. 

' If he intends his machine for twisting the fibres of flexible 
substances into threads, he may find no difficulty in respect to 
power, strength of materials, or space to work in, but if the 
velocity, direction, and kind of motion he obtains, be not ap' 
plicable to the work intended, he still loses his laHour. 

Thousands of machines have been constructed, which, so 
far as regarded the skill of the workmen, the ingenuity of the 
contriver, and the construction of the individud parts, were 
models of art and beauty; and, so far as could be seen with- 
out trial, admirably adapted io the intended purpose. But on 
putting them to actual use, it has too oflen been found, that 
their only imperfection consisted in a stubborn refusal to do 
any part of the work intended. ^ . ^____ 

What is the object of this science 1 What is a machine ? Mention ona 
of the most simple, and one of the most comolpT of machines. 
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Now, a thorough knowledge of the laws of motion, and the 
principles' of mechanics, would, in many instances at least, 
have prevented all this loss of labour ana money, and spared 
him so much vexation and chagrin, by showing the pro- 
jector that his machine would not answer the intended pur- 
pose. 

^ The importance of this kind of knowledge is therefore ob- 
vious, and it is hoped will become more so as we proceed. 

In mechanics, as well as in other sciences, there are words 
which must be explained, either because they are common 
Words used in a peculiar sense, or because they are terms of 
art, not in common use. All technical terms will be as much 
as possible avoided, but still there are a few, which it is neces- 
sary here to explain. 

Force is the means by which bodies are set in motion, kept 
in motion, and, when moving, are brought to rest. The force . 
of ffunpowder sets the ball m motion, and keeps it moving, 
untu the force .of resisting air, and the force of gravity, bring 
it to rest. 

Power is the means by which the machine is moved, and 
the force gained. Thus we have horse power, water power, 
and the power of weights. 

Weisnt is the resistance, or the thing to be moved by the 
force of the power. Thus, the stone is the weight to be moved 
by the force of the lever, or bar. 

Fulcrum, or prop, is t^ie point or part on which a thing is 
supported, and about which it has more or less motion. In 
- raising a stone, the thing on which the lever rests, is the ful- 
^ crum. 

In mechanics, there are a few simple machines, called the 
mechanical powers, and however mixed, or complex, a com- 
bination of machinery may be, it consists only of these few in- 
dividual powers. 

We shall not here burthen the memory of the pupil with 
the names of these powers, of the nature of which he is at 
present supposed to know nothing, but shall explain the action 
and use of each in its turn, and then sum up the whole for his 
accommodation. 



What la meant bv force, in mechanics 1 What is meant by power 1 What 
if undexBtood by weight 1 What is the fulcrum 1 Are the mechanical poweis 



numerous, or only few in number 1 

6* 
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7%e Lever. 
ilny rod, or bar, ivhich is used in raising a weight, or «ur 
mounting a resistance, by being placed on a fulcrum, or prop, 
becomes a lever. 

This machine b the most simple of all the mechanical 
powers, and is Uierefore in universal use. 

^- ^' Fig. 40 represents a 

straight lever, or hand 
spike J called also a crovj- 
hajr, which is commonly 
used in raising and mo- 
ving stone and other 
heavy bodies. The 
block b is the weighty or 
resistance, a is the Z6i?er, 
and Cf the fulcrum. 

The jxyioer is the hand, or weight of a man applied at a, to 
depress that end of the lever, and thus to raise the weight. 

It will be observed, diat by this arrangement, the applica 
tion of a small power may be used to overcome a great re- 
sistance. 

The force to be obtained by the lever, depends on its length, 
together with the power apphed, and the distance of the weight 
ana power from tne fulcrum. 

Fig. 41. Suppose, (iff. 41, that a is the 

lever, o the fulcrum, d the weight 
to be raised, and c the power. 
Let d be considered three times 
as heavy as c, and the fulcrum 
^^^^^ three times as far from c as it is 

Of"\ from d; then the weight and 
c I )j power will exactly balance each 

other. Thus, if the bar be four 
feet long, and the fulcrum three feet from the end, then three 
pounds on the long arm, will weigh just as much as nine 
pounds on the short arm, and these proportions will be found 
the same in all cases. 

What is a lever t What is the amplest of all mechanical powers % Ex- 
plain fig. 40. Which is the weight t Where is the fulcrum 1 Where is the 
power apj^lied % What \b the power in this case 1 On what does the foice 
to be obtained by the lever depend? Suppose a leyer 4 feet lonff, and the 
ftdcnim one loot firom the eno, what nmnber of pounds will baiaiioe each 
Other at the ends 1 
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When two weights balance each other, the fulcrum is al- 
ways at the centre of gravity between them, and therefore, to 
make a small weight raise a large one, the fulcrum must be 
placed as near as possible to the large one, since the greater 
the distance from the fulcrum the small weight or power is 
placed, the greater will be its force. 

^' Suppose the weight 6, fig. 42, 

to be sixteen pounds, au^^ sup 
pose the fulcrum to be placed so 
near it, as to be raised by the 
power o, of four pounds, hang- 
mg equally distant from the ful- 
crum and the end of the lever. 
If now the power a, be remov- 
ed, and another of two pounds, c, be placed at the end of the 
lever, its force will be just equal to a, placed at the middle of 
the lever. 

Biit let the fulcrum be moved along to the middle of the 
lever, with the weight of sixteen pounds still suspended to it, 
it would then take another weight of sixteen pounds, instead 
of two pounds, to balance it, fig. 43. 

Fig. 43. Thus the power which would 

balance 16 pounds, when the 
fulcrum is in one place, must be 
exchanged for another power 
weighing 8 times as much, when 
the fulcrum is in another place. 
From these investigations, we 
may draw the foUowmg general 
truth, or proposition, concerning 
the lever : " That the force of the lever increases in proportion 
to the distance of the power from the fulcrum, and diminish- 
es in proportion as the distance of the weight from the fulcrum 
increases,^^ 

From this proposition may be drawn the following rule, by 
which the exact proportions between the weight, or resistance, 
and the power, may be found. Multiply the weight hy ita 

When weights balance each other, at what point between them must the 
fhlcrmn be 1 Suppose a weight of 16 (wunds on ihe short arm of a lever is 
aoonterbalanced by 4 pounds in the middle of the long arm, what power 
would Wance this weight at the end of the lever t Suppose the fhlcrum to 
oe moved to the middle of the lever, what power would tnen bo equal to the 
16 pounds 1 What is the general proposition drawn ftaai these lesolts % 






AtweigiimmiikgmmorwiBhtiameeemAaakr. 

fT^iniiii a wdffii mi MID fiiMili am ike ifaort aim of a le- 
VCTV ^ sdbfli fiPMi tlv iJaw„ AMaaoAe i ■ eigh t, or power, 
of S puiBMiB,. woaJii be cc{aBl ia diii» at die dfatance of 100 
inclies firom the fiikmm : tin— w S— faipfiedbr lOOisemial 
to ^W; and 100 nniiixp&etf hr 9 is eqaal lo AO^ and Urns 

F^ -tt. Hmtt iarti i MiMi ts mcom- 

■xoB aoe aie on the principle 
of tfa£»kiBd of krer. Scis- 
jsois^ fi^. -Mr consist of two 
Icren. the riiet heing the 
liilcnini for hodi. The fin- 
gers are the power, and the 
cloth to he cat, die resist- 
ance to be orercome. 
P inc e ts fiMTCCps, and sngar cutlers, are cxunples of this 
kind of lever. 

A coamMNS scale-beam, used for weighing, is a krer, sns- 
pendird at the centre of grayity, so that the two aims biJance 
«nitfii other. Hence the machine is called a balamee. The 
fukiMm » or what is called the pivot^ is sharpened, like a 
winlse^ and made of hardened steel, so as much as possible to 
avoai frictkHi. 

A dibh is suspended by cords 
to each end or arm of the lever, 
for the purpose of holding the 
articles to be weighed. When 
the whole is suspended at the 
point a, fig. 45, the beam or lever 
ought to remain in a horizontal 
s>t.«i$t;iKi«^ caeie of its end^ bein? exactly as high as the other. 
h ^ wri^ls in the two dishes are equal, and the support 
<\:iic^ in the centre, they will always hang as represeniea in 

A vvnr ^brhl Tamtion of the point of support towards one 




Wli^ i« lli» ni» te* fisdng the propoitimu between the weight and 




I Ok«» «a MNiilielinn of this rale. What inatraments operate on 

^^. ^Hailvwt When the 8d«nn are used, what is the ledwt- 

iMlwl«t ll»MMr1 h ths oommon acaleOieam, where 18 Ihe M* 
I lfciiihifc|iiiiaii nmH the walB-beMn to hang 7 
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end of the lever, will make a difference in the weights em- 
ployed to balance each other. In weighing a pound of sugar, 
witn a scale beam of eight inches long, if the point of support 
is half an inch too near the weight, the buyer would be dhiea^- 
ed nearly one ounce, and consequently nearly one pound in 
every sixteen pounds. This fraud might instantly be detected 
by changing the places of the sugar and weight, for then the 
difference would be quite materia], since the sugar would then 
seem to want twice as much additional weight as it did really 
want 

The steel-yard differs from the balance, in having its sup- 
port near one end, instead of in the middle, and also in hav- 
mg the weights suspended by hooks, iostead of being placed 
in a dish. 

Fig. 46. - wr 1 1. . V 

If we suppose the beam to be 

S J £ S f S € 7 inches long, and the hook, c, fiff . 

{ ^2 ' '^ ' J ^ ' ^» *® ^ ^^® "^^^ irovcL the end, 

jTj £ then the pound weight a, will re- 

T ^ quire an additional pound at ft, 

\\ i wr every inch it is moved from it 

This, however, supposes that the 

bar will balance itself^ before any weights are attached to it 

In the kind of lever described, the weight to be raised is on 

one side of the fulcrum, and the power on the other. Thus 

the fulcrum is between the power and the weight 

There is another kind of lever, in the use of which, the 
weight is placed between the fulcrum and the hand. In other 
woras, the weiffht to be lifted, and the power by which it is 
moved, are on me same side of the prop. 

Fig. 47. ITiis arrangement is 

p represented by ^g. 47, 
where w is the weight, I 
the lever, / the fulcrum, 
and p a pulley, over which 
a string is thrown, and a 
small weight suspended* 
as the power, in the 
common use of a lever of 
the first kind, the force is 



o 
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How TMj a fiaudolent scale-beam be made? How may the cheat be de- 
toetod? How does the steel-yaid differ fin»n the balance 1 hi the first Und 
of fever, where is the fUknim, in respect to the weight and power 1 In the 
second kind, where is the ftdcnim, in xespect to the weight and power 1 
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When a pendtduni swings, it is said to vibrate; and that 
part of a cirele through which it vibrates, is called its arc. 

The times of die vibration of a pendulum are very nearly 
equal, whether it pass through a greater or less part of its arc. 

Fig. 35. J Suppose a and 

5, fig. 35, to be 
two pendulums 
of equal length, 
and suppose the 
weights of each 
are carried, tlie 
one to c, and the 
other to d, and 
both let &n at 
the same instant; 
tlieir ribrations would be equal in respect to time, the one 
passing through its arc from c to e, and so back again in the 
same time that the other passes from d to /, and back again. 

The reason of this appears to be, that when the pendulum 
is raised high, the action of gravity draws it more directly 
downwards, and it therefore acquires, in falUn|^, a greater 
comparative velocity than is proportioned to the tnfiing differ- 
oice of height 

In the common dock, the pendulum is connected with 
wheel work, to reffulate the motions of the hands, and with 
weiffhts by which uie whole is moved. The vibrations of the 
pendulum are numbered by a wheel having sixty teeth, which 
revolves once in a minute. Each tooth, therefore, answers 
to one swing of the pendulum, and the wheel moves forward 
one tooth in a second. Thus the second hand revolves once 
in every sixty beats of the pendulum, and as these beats are 
seconds, it goes round once in a minute. By the pendulum, 
the whole machine is regulated, for the clock goes faster, or 
slower, according to its number of vibrations in a given time. 
The nundber of vibrations which ?. pendulum makes in a given 
time, depends Upon its length, because a long pendulum does 
not perform its journey to and from the corresponding points 
f its arc so soon as a short one. 

What is meant bv the^vibfation of a pendulum t What is that part of a 
efacle called, through winch it swings t Why does a penduhim vibrate in 
equal time, whether it goes through a small or large part of its aic'1 De- 
sciibe the caaanxm dock. How many vibratbns has the pendulum in a 
minate t On whiyt depends the number of vibrations whicn a pendulum 
aiakss ID a ghen time 1 
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.Kb the motioii of the clock is regulated entirely by tfae^ 
pendulmn, and as the nmnber of yibratioiis are as itii leUffihy 
the least Tariation in this respect will alter its rate of ffoing. 
To beat seconds, its length must be about 39 inches. £i ^e 
common clock, the length is regulated by a screw, which 
raises and lowers the weight, ifut as the rod to which the 
weight is attached, is subject to variations of length in conse- 
quence of the change of tne seasons, being contracted by cold 
and lengthened by neat, the common clock goes fiister m win 
ter than in summer. 

Various means have been contrived to counteract the effects « 
of these changes, so that the pendulums may continue the same 
length the whole year. Among inventions for this purpose, 
the gridiron pendulum is considered the best. It is so called, 
because it consists of several rods of metal connected together 
at each end. 

The principle on which this pendulum is constructed, is de- 
rived from the fact, that some metals dilate more by the same 
degrees of heat than others. Thus brass will dilate twice as 
much by heat, and consequently contract twice as much by 
cold, as steel. If then these differences could be made to 
coimteract each other mutually, given points at each end of a 
system of such rods would remain stationary the year round, 
and thus the clock would go at the same rate in all climates, 
and during all seasons. 
Fig. 36. This important object is accomplished by the fol- 
f lowing means. 

I Suppose the middle rod, fig. 36, to be made of 

^J^ brass, and the two outside ones of steel, all of the 
same length. Let the brass rod be firmly fixed to 
the cross pieces at each end. Let the steel rod a, 
be fixed to the lower cross piece, and 5, to the upper 
cross piece. The rod a, at its upper end passes 
througn the cross piece, and in like manner, b 
passes through the lower one. This is done to pre- 
I vent'diese small rods from playing backwards and 
I forwards as the pendulum swmgs. 
I Now as the middle rod is lengthened bv the heat 

TT"^ twice as much as the outside ones, and tne outside 
^ rods together are twice as Ion? as the middle one, 
ff^ the actual length of the pendmum can neither be 

'"What is the medium length of a pendulum beating seconds 1 Why 
does a common clock go faster m winter than in summer t 



a 
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^ pJsiNDirLtJlf. 

mcrsittied iibr diminuhed 1^ the turiations oT t^|iera« 
tore. . 
Fi|^.87. 

>^ To make tnis dtill plainer, suppose the lower 
eroBs piece, fig. 37, to be standing on a table,, so that 
it coula not be lengthened downwards, and suppose, 
hj the heat of summer, the middle rod of orass 
I snould increase one inch in length. This would 
elevate the upper cross piece an inch, but at the 
same time the steel rod a, swells half an inch, and 
the steel rod &, half an inch, therefore, the two 

Soints c and ^ would remain exactly at the same 
istance from each other. 

As it is the force of gravity which draws the weight of the 
pendulum from the highest point of its arc downwards, and 
as this force increases, or diminishes, as bodies approach to- 
wards the centre of the earth, or recede from it, so the pendu- 
lum will vibrate faster, or slower, in proportion as this attrac 
tion is stronger or weaker. 

Now, it is found that the earth at the equator rises highei 
from its centre, than it does at the poles, for towards the 
poles it is flattened. The pendulum, therefore, being more 
strongly attracted at the poles than at the equator, vibrates 
faster. For this reason, a clock that would keep exact time 
at the equator, would gain time at the poles, for the rate at 
whidi a clock goes, depends on the number of vibrations its 
pendulum makes. Therefore, pendulums, in order to beat 
seconds, must be shorter at the equator and longer at tlie 
poles. 

For the same reason, a clock which keeps exact time at 
the foot of a high mountain would move slower on its top. 

There is a short pendulum, used by musicians for marking 
time, which may be made to vibrate fast or slow, as occasion 
requires. This little instrument is called a metronome, and 
besides the pendulum, consists of seveiT^l wheels, and a spiral 
spring, by which the whole is moved. This pendulum is only 

What is necesaazT in tespect to the pendulum, to make the dock go true 
the year round 1 What is the principle on which the gridiron pendulum is 
constructed 1 What are the metab of which this instrument is madel Ex- 
plain 6g. 36, and ^ve the reason why the length of the praidulum will not 
change by the variations of temperature. Ez^ain fig. 37. What is the 
downward force which makes die pendulum vibrate ? Explain the reason 
why the same dock would go fester at the poles and slower at the equator. 
How can a dock which goes true at the equator he made to go true at the 
polcsl 
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t^ve inches Ions, and instead of being suspended by 
iy Hte other pendiuums, the rod is prolonged above the 



d 



tenor 
the end, 

point of suspension, and there is a baB placed near the upper, 
as well as at the lower extremity'. 
Fig. 38. 

I This arrangement will be understood 

^/*V by fig. 38, where a is the axis of sus- 

/"y^s Dension, h the upper ball, and c the 

lower one. Now when this pendulum 
vibrates from the point a, the upper 
ball constantly retards the motion of 
the lower one, by in part counterba- 
lancing its weight, and thus preven • 
ing its full velocity downwards. 

l^erhaps this will be more apparent, 
by placing the pendulum, fig. 30, for 
a moment on its side, and across a 
bar, at the ^oint of suspension. 
In this position, it will be seen, 
^^-^ r that the little ball would prevent 

— /^ J O^ *^® large one from falling with 

^^ its full weight, since, were it 

moved to a certain distance firom 
the point of suspension, it would balance the large one, so that 
it would not descend at aU. It is plain, therefore, that the 
comparative velocity of the large l^all, will be in proportion 
as the small one b moved to a greater or less distance from 
the point of suspension. The metronome is so constructed, 
the little ball.bemg made to move up and down on the rod, at 
pleasure, and thus its vibrations are made to beat the time of 
a quick, or slow tune, as occasion rt<;;uires. 

By this arrangement, the instrument is ::«ade to vibrate every 
two seconds, or every half^ or quarter of a second, at pleasure. 
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MECHANICS. 

Mechanics is a science which investigates the laws and ef- 
fects of force and motion. 

WSt a clock keep equal time at the foot, and on the top of a high u^onn- 
taint Whrwillitnotl What is the metronoaie 1 How does tma penda- 
baoD ^GiQNr Rem oommm ptn^ How dols the upper ImU rataid the 

pio^ofttiekyweroiiel ISow is the oietiononie made to g^ ftiler or ftowcv 
atpleasurel What is mechaniesl 
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Fif.55. Thb figure rcpreMiitt tbe nmdiine 

endwise, so as to show in what mumer 
the lever operates. The two weights 
hanging in opposition to eadi other, the 
one on the wheel at a, and the other on 
the axle at 6, act in the same manner as 
if they were connected by the horizontal 
lerer a ft, passing from one to the other, 
havinff the common centre, c, as a ful- 
crum between them. 

The wheel and axle, therefore, acts 
like a constant succession of levers, the 
long arm being half the diameter of the 
wheel, and the short one half the diameter of the axle ; the 
common centre of both being the fulcrum. The wheel and 
axle has, therefore, been caUed the perpeiufU lever. 

The great advantage of this mechanical arrangement is, 
that while a lever of the same power can raise a weight but a 
few inches at a time, and then only in a certain direction, this 
machine exerts a continual force, and in any direction wanted. 
To change the direction, it is only necessary that the rope by 
which (he weight is to be raised, should be carried in a line 
perpendicular to the axis of the machine, to the pkce below 
which the weight lies, and there be let fall over a pulley. 




FSg. 56. 




Suppose the wheel 
and axle, fig. 56, is 
erected in the third 
story of a store house, 
with the axle over the 
scuttles, or doors 
through the floors, so 
that goods can be raised 
by it from the ground 
floor, in the directiot 
of the weight a. 8u| 
pose also, Uiat the same 
store stands on a wharf, 
where ships come up to 



In fae. 55^ which is the fulemm, and which the two arms of the lever T 

Whcit tt this machuie caOed, in lefeienoe to the prindple on which it actsi 

-What is the great advantage of tUs machine over the lever and other me- 

•"huiical powent Describe fig. 56, and point out the manner in whicL 

weignts can be raised by letting &II a rope over the pulley. 



WHEEL AND AXLE. 



;5 




Its sid^ and goods are to be removed from the yesaeki into the 
upper stories. Instead of removinc the g^oods into the store* 
and hoisting Aem in the direction of a, it is only necessary to 
carry the rope &, over the pulley c, which is at Ae end of a 
strong beam projecting out from the side of the store, and then 
the goods wiU be raised in the direction of (2, thus saying the 
labor of moving them twice. 

The wheel and axle, under different forms, is applied to a 
variety of common purposes. 

' Fig. 57. Tlie capstan, in universal use, on 

board of ships and other vessels, is 
an axle placed upright, with a h<»gtd, 
or drum, a, fig. 57, pierced with 
holes, for the levers &, c, d. The 
weight is drawn by the rope e, pass 
ing two or three times round the 
axle to prevent its slipping. 

This is a very powerful and con- 
venient machine. When not in use, 
the levers are taken out of their 
places and laid aside, and when great force is required, two or 
three men can push at each lever. 

The common windlass for drawing water, is another modi- 
fication of the wheel and axle. The vnnchj or cranky by 
which it is turned, is moved around by the hand, and there is 
no difference in the principle, whether a whole wheel is turned, 
or a single spoke. The winch, therefore, answers to the 
whee], while the rope is taken up, and the weight raised by the 
axle, as already described. 

^"S-^* In cases where ^at 

weights are to be raised, 

3 and it is required that the 
machine should be as 
small as possible, on ac- 
count of room, the simple 
wheel and axle, modified 
as represented by fig. 68, 
is sometimes used. 
The axle may be con- 

] sidered in two parts, one 



[ 
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What is the capstan 1 Where is it chiefly used? What are the pecuHarad- 
rantages of this form of the wheel and axle 1 In the oominoa windkuM, what 
pert an«wereto the wfaeell 
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of which is krg«r thra die other. The rope is attached by 
iii two ende, to the ends of the axle, as seen in die funnre. 
Theweicht to be raised it attached to a small pulley, or wheel, 
roud mich the rope passes^ The eleration of the weight 
mar be dins described. Upon turning the aiJe, the ro])e is 
coiled aiovBid the larger part, and at the same time it is 
thrown off the smaller part At every revolution, tho^oie, 
a portion of the rope will be drawn up, equal to the circum- 
ference of the diicker part, and at tne same time a portion^ 
eoual to that of the thmner part, will be let down. On die 
whole, then, one revolution of the machine will shorten the 
rope where the weight is suspended, just as much as the dif* 
ferenop- between the circumference of the two parts. 
Pig, 59. 

. Now to understand the principle on which 
^ diis machine acts, we must refer to fig. 59, 
where it is obvious that the two parts of the 
rope a and &, equally support the weight dS, 
and diat the rope, as the machine turns, pass- 
es from the small part of the axle a, to the 
large part A, consequendy the weight does 
not rise in a perpendicular line towards c, die 
centre of both, but in a line between the put- 
sides of the large and small parts. Let us 
consider what would be the consequence of 
changing the rope a to the larger part of the 
axle, so as to place the weight in a line per- 
pendicular to die axis of motion. In this case, 
'it is obvious that the machine would be in equilibrium, since 
the weight d, would be divided between the two sides equally, 
and the two arms of a lever passing through the centre c, 
would be of equal length, and therelore no advantage would 
be gained. But in the actual arrangement, the weight being 
sustained equally by the large and small parts, there is involv- 
ed a lever power, the long arm of whicii is equal to half the 
diameter of the large part, while the short arm is equal to hall 
the diameter of ue small part, the fulcrum being between 
them. 




Explain fig. 58. Why is the rope ishoiteiied, and the wtj^ht raised ? 
TVliat is the design of fig. 59 1 Does the weight rise perpendicolar to the 
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• As the wheel and axle is only a modification of the simple 
lever, so a system of wheels acting on each other^ and trans-, 
initting the power to .the resi^taifcci is only another form of 
the compound lever. 

^ 2 ^' ^' Such a combination is 

^ shown at fig. 60. The' 

first wheel, a, by means 
of the teeth, or cogs 
around its axle« moves 
the second wheel, 5, 
with p force equal to that 
of a lever, the long arm 
of which extends from 
the centre of the wheel 
and axle to the circum- 
ference of the wheel, 
where the power /?, is 
suspended, z od the short 
arm from the same centre to the ends of the cogs. The dot- 
ted line c, passing through the centre of the wheel a, shows 
the position of the lever, as the wheel now standi. The cen- 
tre on which both wheels turn, it will be obvious, is the ful- 
crum of this lever. As the wheel turns, the shoi t arm of this 
lever will act upon the long arm of the next lever by means of 
the teeth on the circumference of the wheel 5, and this again 
through the teeth on the axle of 5, will transmit its force to 
the circumference of the wheel (2, and so by the short arm of 
the third lever to the weight w. As the power or small 
weight falls, therefore, the resistance, w, is raised, with the 
multiplied force of three levers, acting on each other. 

In respect to the force to be gained by such a machine, 
suppose the number of teeth on tlie axle of the wlieel a, to be 
six times less than the number of those on the cii cumference 
of the wheel 5, then h would only turn round on ce, while a 
turned six times. And in like manner, if the nun ber of teeth 
on the circumference of d\ be six times greater th ui those on 
the' axle of 6, then d would turn once, while h turned ,six 
times. Thus six revolutions of a would make h re volve once, 
and six revolutions of 5, would make d revolve once. There- 
fore a makes thirty-slk revolutions, while d makes only one. 

On what principle does a eyatem of wheeb act, as lepxeeented in fif . 60 1 
Explain fig. 60, and ihow how the powerp is tnoslened by the action of 
levento tf. 

V 
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The diameter of the wheel a, being three times the diame- 
ter of the axle of the wheel (2, and its velocity of motion bein^ 
36 to It 3 times 36 will gire^the weight which a power of 1 
pound at p, would raise at w. Thus 36x3*>106. One 
pound at p would therefore balance 106 pounds at w. 

If the student has attended closely to what has been said 
on mechanics, he will now be prepared to understand, that 
no machine, however simple or complex it may be, can ereate 
the least degree of force. It is true, that one man with a 
machine, may apply a force which a hundred could not exert 
with their hands, but then it would take him a )iundred times 
as long. 

Suppose there are twenty blocks of stone to be moved a 
hundred feet ; perhaps twenty men, by taking each a block, 
would move them all in a minute. One roan, with a capstan* 
we will suppose, may move them all at once, but this man, 
with his lever, would have to make one revolution foi 
every foot he drew the whole load towards him, and there- 
fore to make one hundred revolutions to perform the whole 
work. It would also take him twenty times as lon^r to do it, 
as it took the twenty men. His task, indeed, would be more 
than twenty times harder then that performed by the twenty 
men, for in addition to moving the stone, he would have the 
friction of the machinery to overcome, which commonly 
amounts to nearly one third of the force employed. 

Hence there would be an actual loss of power by the use of 
the capstan, though it might be a convenience for the one 
man to do his work by its means, rather than to call in nine- 
teen of his neighbours to assist him. 

The same principle holds good in respect to other machine- 
ry, where the strength of man is (employed as the power, or 
prime mover. There is no advantage ^ined, except that oi 
convenience. In the use of the most simple of all machines, 
the lever, and where, at the same time, there is the least force 
lost by friction, there is no actual gain of power, for what 
seems to be gained in force is always lost in velocity. ThuS; 
if a lever is of such length to raise 100 pounds an inch by 
the power of one pound, its long arm must pass through a 

What weiffht -will one pound at p balance at io ? Is there any actoa. 
power gained by the use of machinery 't Suppose 90 men to move 20 stones 
to a certain distonoe with their hands, and one man moves them back to the 
■anie phoe with a capstan, whkhperlbiini the most actual labor T Whyl 
Whji tlMn, is machmery a convenience 1 
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sptee of IdO iftohas. Thust whfti is gMned in one ivay ii 
lost in another. 

Any power by which a machine is moTed* must be equal to 
^ reaistanee to be overcome, and, in all cases where the 
power descends, there will be a proportion between the velo- 
city with which it moves downwards, and the velocity with 
wmch the weight moves upwards. There will be no differ- 
ence in this respect, whether the machine be simple or com- 
pound, for if its force be increased by increasing the number 
of levers, or wheels, the velocity of the moving power must 
also be increased, as that of the resistance is diminished. 

There being, then, always a proportion, between the velo- 
city with which the -moving force descends, and that with 
which the weight ascends, whatever this proportion may be, 
it is necessary that the power shouM have to the resistance 
the same ratio that the velocity of the resistance has to the 
velocity of the power. In other words, " The power multu 
•plied by the space through which it moves, in a vertical direc* 
tion, must he equal to the weight multiplied by the spa>ce 
through which it mooes in a vertical direction,^^ 

This law is known under the name of " the law of virtual 
velocities," and is considered the golden rule of mechanics. 

This principle has already been explained, while treating 
of Uie lever; but that the student should want nothing to assist 
him in clearly comprehending so important a law, we will' 
again illustrate it in a different manner. 

Fig. 61. Suppose the weight of ten pounds to be 

^^ suspended on the short arm of the lever, 
fig. 61, and that the fulcrum is only one 
_ inch from the weight ; then, if the lever be 
b^^F I ten inches long, on the otfier side of the 

fulcrum, one pound at a would raise, oi 
balance, the ten pounds at b. But in raising 
the ten pounds one inch in a vertical direc- 
tion, the long arm of the lever tnust fall 




In the use of the lever, what proportion is there between the force of the 
short arm, and the velocity of the long arm 1 How is this illustrated ? It 
*s said, that the velocity of the power downwards, must be in proportion to 
^at of the weight upwards ? Does it make any difference, in this respect, 
Arhether the machine be simple or compound 1 What is tM golden nue of 
mechaiiicB'? Under what name is this law known ? £]q>b|n fig. 61, and 
■how how the rule is i^ustratedby that figure. 
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ten inches in a vertical direction, and therefore the velodt} 
of a woidd be ten times the yelocity jo£ b. 

The application of this law, or rme, is apparent The pow 
er is one pound, and the space through which it falls is 10 inch- 
es, there&re 10x1=10. The weight is 10 pounds, and the 
space through which it rises is one inch, therefore 1x10^^10. 
Thus the power, multiplied by the space through which it 
moves, is exactly equal to the weighty multiplied by the space 
through which it moves. 

F^' C3- Again, suppose the lever 

fig. 62, to be thirty inches 
long from the fulcrum to the 
point where the power p is 
i suspended, and that the 
\ weight w is two inches from 
fl (3 \ *^® fulcrum. If the power 
I be 1 pound, the weight must 
j be fifleen pounds, to produce 
/ equilibrium, and the power 
/ p must fall thirty inches, to 
/ raise the weight w two inch- 
/ es. Therefore the power be- 
ing 1 pound, and the space 
30 inches, 30x1=30. The weight being 15 pounds, and the 
space 2 inches, 15x2e=30. 

Thus the power, multiplied by the space through which it 
falls, and the weight, multiplied by the space through which 
it rises, are equal. 

However complex the machine may be, by which the force 
of a descendmg power is transmitted to the weight to be raised, 
the same rule will apply, as it does to the action of the sim- 
ple lever. 

The Pulley. 

A pulley^ consists of a wheel, which is grooved on the ed^e, 
and which is made to turn on its axis, by a chord passmg 
4 over it 




Explain fig. 68, and ahow how tlie same rule ia iBnatrated by it What 
» aaid of the appficatioii of thk rule to oomplez macihiiieal What k apnl- 
leyl 
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IV 63. • Pig. 03 rffpnmatB a simph puBeg^ 

with a Angle fixed wheeL Ib odier 
foniMi of the machine, tfie wheel mores 
\xp and down, with the weight. 

The pdley is arrangecT unong the 

simple mechanical powers; but when 

serend are connected, the machine is 

called a system ofpuUeys^ or a compound 

, pulley* 

One of the most obvious advantages 
of the pulley is, its enabling men to exert 
their own power, in places where they cannot go themselves. 
Thus, by means of a rope and wheel, a man can stand on Uie 
deck of a ship, and hoist a weight to the topmast 

By means of two fixed pulfoys, a weight may be raised up- 
ward, while the power moves in a horizontal direction. The 
weight will also rise vertically through the same space that 
the rope is drawn horizontally. 

^' ^- Fig. 64 represents two fixed 

pulleys, as they are arranged for 
such a purpose. In the erec- 
tion of a lofty edifice, suppose 
the upper pulley to be suspend- 
ed to some part of the building ; 
then a horse, pulling at the rope 
a, would raise the weight w 
vertically, as far as' he went 
horizontally. 

Ip the use of the wheel of the 
pulley, there is no mechanical 
advantage, except that which 
arises from removing the friction, ana diminishing the imper- 
fect flexibility of the rope. ^ " 

In the mechanical effects of this machine, the result would 
be the same, did it slide on a smooth surface with the same 
ease that its motion makes the wheel revolve. 

The action of the pulley is on a different principle from that 
of the wheel and axle. A system of wheels, as already ex- 
plained, acts on the same principle as the compound lever. 

What w a ample puUej 'I What is a system of tmlleys, or a oampound 
yKSkf^'i Whatis (be most olmons advantage of the pfulfey 7 How must 
two ozed puUm be placed, to raise a weight vertically, as far as the yamm 
goes horiiontaBy 7 What is the advantage of the wheel of the poOeT 7 
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Bat Iba mechanical efflcaey of a ■yntein of puIleyS) ui derired 
eotirelyfroiii t^e diruioa of the weight amon^ the airings em 
ployed in BUBp^idingiL In theiue of the Noele jbrei pulley, 
there can be no mechanical advantave, since the weight risea 
as foet as the power descends. This is obTiona W £g. 63 ; 
where it is also apparent that the power and weight niiut bft 
exactly equal, to balaace each other. 

"gw. In the single moveable pulley, fig. 66, th« 

same rope passes from the fixed point a, Ic 
' the power p. It is evidnnt, here, that the 
weight is supported equally by the two parta 
of Uie stnng between which it hangs. 
Therefore, if we call the weight w ten 
pounds, five pounds will be supported by 
one string, and five by th,' other. The pow- 
er, then, will support twice its own weislit, 
^ so that a person pulling with a force of fire 
[y pounds at p, will raise ten pounds at v*. 
J The mecharucal force, therefore, in respect 
to the power, is aa two to one. 
In this example, it is supposed there are only 
two ropes, each of which bears an equal part of 
the weight 

If the number of ropes be increased, the 
weight may be increased with tlie same power; 
or tne power may be diminished in proportion 
as the number of ropes is increased. In fig. 66, 
(he number of ropea sustaining the weight 
is four, and therefore, the weight may be four 
limes as great as the power. This principle 
must be evident, since it is plain that each rope 
sustains an equal part of the weight. The 
weight may therefore be considered as divided 
into four parts, and each part sustained by one 

In fig. 67, there is a system of pulleys repre- 
sented, in which the weight is sixteen times 

Hq" cioea the action of tho pullty difTcr fmm thai of 
(he nhepl nnd ajile f Is thrre any niechaiiical sdvuitlLn 
in the fixwl pulley 1 What Wright nl p, fig. 65, mU 
bnJance ten pounds at w 1 Suppote (he number of nfca 
to be increaaei], uid (he wright iDcieaKd, mull (ha pomi 
h« increaied bIso ^ 
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^' ^' The tension of the rope dfC^iM 

y erideutly equal to the power, f, be- 
cause it sustains it: <{, beings a 
moveable pulley, must sustain a 
weight equal to twice the power ; 
but the weight wHich it sustains, 
is the tension of the second rope, 
J, c. Hence the tension of the se- 
cond rope is twice that of the first, 
and, in like manner, the tension of 
the diird rope is twice that of the 
second, and so on, the weight being 
equal to twice the tension of the 
last rope; 

Suppose the weight lo, to be six 
teen pounds, then the two ropes, 
8 and 8, would sustain just 8 pounds 
each, this beinff the whole weight 
divided equally between them. 
The next two ropes, 4 and 4, 
would evidently sustain but half 
this whole weight, because the 
other half is already sustained by 
a rope, fixed at its upper end. The 
next two ropes sustain but half of 4, for the same reason ; 
and the next pair, 1 and 1, for the same reason, will sustain 
only half oT 2. Lastly, the power p^ will balance two pounds, 
because it sustains but hall this weight, the otlier half being 
sustained by the same rope, fixed at its upper end. 

It is evident, that in this system, each rope and pulley 
which is added, will double the efiect of the whole. Thus, by 
adding another rope and pulley beyond 8, the weight w might 
be 32 pounds, instead of 16, and still be balanced by the same 
power. 

In our calculations of the effects of pullies, we have allowed 
nothing for the weight of the pullies themselves, or for the 
friction of the ropes. In practice, however, it will be found, 




Suppose the weight, fig. 66, to be 33 pounds, what win each mpe bearl 
Explam fig. 67, and show what part of the wiaght each lope aastains, and 
why 1 pound at p, will balance 16 pounds at w. Elzplain the reason why 
each additional rope and pulley will double the effect of the whole, or whv 
lU weight may be double by that of all the otben, with the same power 
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(hat oearijr one third imi^t be allowed for friction, imd that 
the power, iherelbiiB» to actually raise ^ weif fat, mapt be 
aboyi one third sreater than has been allowed. 

The pulley, like other machines, obeys the law of rirtual 
Telocitiea, already applied to the leirer and wheel. T%uSi '' in 
a system (H^puUies^ the ascent of ike tcetgkt^ or resistance^ is 
as muck less than the descent of the power^ as the weight is 
greater than the pewerJ** If, as m the last example, the weight 
18 W pounds, ana the power 1 pound, the weight will rise only 
wie foot, while the power descends 16 feet. 

In the single fixed pulley, the weight and power are equal, 
and consequently, the weight rises as fast as the power de^ 
scends. 

With such a pulley, a man may raise himself up to the mast 
head by his own weiglit. Suppose a rope is thrown over a 
pidley, and a man ties one end of tt round his body, afid takes 
the other end in his hands. He may raise himself up, because, 
by pulling with his hands, he has the power of throwing more 
of his weight on that side than on the other, and when he does 
this, his body will rise. Thus, ahhough the power and the 
weight are the same individual, still the man can change^his 
centre of gravity, so as to make the power greater than the 
weight, or the weight greater than tne power, and thus can 
elevate one half his weight in succession. 

Tlie Inclined Plane. 
The fourth simple mechanical power is the inclined plane. 
Fijr. 68. This power consists of a plain, 

smooth surface, which is inclined 
^ towards, or from the earth. It is 
represented by fig. 68, where from 
a to b is the inclined vlane ; the 
line from d to a, is its neight, and 
that from b to cf, its base, 
^ A board, with one end on the 
ground, and the other end resting 
/ on a block, becomes an inclined plane. 

Tliis machine, being both useful and easily constructed, is 
in very general use, especially where heavy bodies are to be 
raised, only to a small height. Thus a man, by means of an 

' ^ In compound machines, how much of the power must be allowed fbr the 
friction 1 How may a man raise himself up bv means of a rope and single 
fixed pulley 1 What is an inclined plane ? 
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iiielined phne, which he can readily constnict widi a boaidt 
or couple of bars, can raise a load into his wagon, which ten 
men could not lift with Aeir hands. 

The power required to force a given weight up an inclined 
plane, is in a certain proportion to its height, and the len^^ of 
Its base, or, in other woras, the force must be in proportion to 
the rapidity of its inclination* 

Fig. 69. The power p, ^g. 09, 

pulling a weight up the 
mclined plane, from c to 
(2, only raises it in a per- 
pendicular direction from 
e to dj by acting along 
the whole length of the 
plane. If the plane be 
twice ad long as it iis high, 
that is, if the line firom ctodhe double the length of that from 
e to (2, 'then one pound atp will balance two pounds any where 
between d and c. It ii^ evident, by a glance at this ng., that 
were the hade^ that is, the line from e to c, lengthened, the 
height from e to d beins the same, that a less power at j>, 
would balance an equal weight any where on the inclined 
plane ; and so, on the contrary, were the base made shorter, 
that is, the plane more steep, the power must be increased in 
proportion. 

Fig. 70. Suppose two inclined planes, 

fi^. lOr of the same neiffht, 
with bases of different lengms; 
then the weight and power 
will be to each other as the 
length of the planes. If the 
length from a to 5, is two feet, 
and that from b to c, one foot, 
then two pounds at d will balance four pounds at ir, and so in 
this proportion, whether the planes be longer or shorter. 

The same principle, with respect to the vertical velocities 
of the weight and power, applies to the inclined plane, in com- 
mon with the other mechanical powers. 

On what occasions is this power chiefly used 1 Suppose a man wants to 
toad a barrel of cider into his wagon, how does he make an indhied plane 
lor this puipose 1 To roll a jdven weight up an inclined plane, to wiuA must 
the force be pr^rportioned 1 Explain fig. €9. If the length of the long plane^ 
% 70, be double that of the short one, what must be the pn^portion betweer 
the (lower and the wei^t 1 





Sappon the ineliaed plane, flg. 
Tl, to be two feet from a to ft, knd 
one foot 'from c to h, then, u wb 
have already seen by fig. 09, a pow- 
er of one ponnd at p, wonld bal- 
ance a weight of two pounds at w. 
Now, in the fall of the power to 
draw up the weight, it is obrions 
that its verUcal descent must be just 
^ twice the Tertical ascent of the 
weight ; for the power must fUl 
down the distance from a to 6, to draw the weight that dis- 
tance ; but the vertical height to which the wei^t id is raised. 
is only from c to 6. Thus the power, being two pounds, must 
&I1 two feet, to raise the weight, four pounds, one foot ; and 
thus the power and weight, multiplied by the several velo- 
cities, are equal. 

TKe Wedffe. 

The next simple mechanical power is the icedge. This 
instrument may be considered as two inclined planes, placed 
base to base. It is much employed for the purpose of spUt- 
ting or dividingsolid bodies, such as wood and stone. 

*%■ 'S- Fig- 13 represents such a wedge as is nsuall^ 

emp^yed in cleaving timber. Tnia instrument is 
also used in raising ships and preparing them to 
launch, and for a variety of other purposeH. 
Nails, swis, needles, and man^ cutting instru- 
ments, act on the principle of this, machine. 

There is much di^culty in estimating the pow- 
er of the wedge, since this depend; on the force, 
or the number of blows given it, together with 
the obliquiR' of its sides. A wedge of great ob- 
Uquity would require hard blows to drive it <or> 
ward, for the same reason that s plane much in- 
clined, requires much force to roll a heavy body 
up it. But were the obliquity of the wedge, and 



Whti tg nid oT the spplicadon of the Uw of veitiril velocities to tbe in- 
dined nUtw 1 Explain &r. TO, anJ show why the power must fiiii twice ■*' 
br u the weight lUea. On what prindple does tlie nedge trXl In what 
amm m thia power neflil 1 What coididod iiutrumentg act on the principle 
ofthewedgel WhU diSicutlT i< there in eadmatinK the power of the wedge t 
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the force of each blow given, stOl it would be difficult to m« 
cortaifi the exact power of the wedge in ordinary cases, for, 
in the splitting of timber, and stone, for instance, the divided 
parts act as levers, and thus greatly increase the power of the 
wedge* Thus, in a log of wood, six feet lon^, when split one 
half of its length, the other half is divided with ease, because 
the two parts act as levers, the lengths of which constantly in- 
crease, as the cleft extends from the wedge. 

T?ke Screw, 

The screw is the fifth and last simple mechanical power. 
It may be considered as a modification of the inclined plane, 
or as a winding wedge. It is an inclined plane running spi- 
rally round a spindle, as will be seen 
by fig. 73. Suppose a to be a piece 
of paper cut into the form of an in- 
clined plane, and rolled round the 
piece of wood d; its edffe would 
form the spiral line, called the 
thread of the screw. . 

If the finger be placed between 
the two threads of a screw, and the 
screw be turned round once, the 
finger will be raised upward equal to the distance of the two 
threads apart. In this manner the finger is raised up the in- 
clined plane, as it runs round the cylinder. 



Fig. 73. 



nrf 




Fig. 74. 




The power of the screw is trans- 
mitted and employed by means of 
another screw called the nut, through 
which it passes. Thb has a spiral 
groove running through it, which ex- 
actly fits the thread of the screw. 

If the nut is fixed, the screw itself, 
on turning it round, advances forward ; 
but if the screw is fixed, the nut, when 
turned, advances alons the screw. 

Fig. 74, represents me first kind of 
screw, being such as is commonly 
used in pressing paper, and other 
substances. The nut, 9», through which 



(hi what prindpfe does the screw act 1 How it it shown thai the anew 
is a modification of the inclined planel Ezplaia fig. 74. Which ia the anew, 
and which the nut? 
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the screw passM, aiurwerf also for one of the beama of Um 

Sreaa. If tfie screw be turned to the right, it will adyance 
ownwards, while the nut stands still. 

Fig. 75. A screw of the second kind is 

^ represented bj iig. 76. In this, 

the screw is nxed, while the nut, 

n, by being turned by the lever, A 

^1 ^^ \ ^ ■ fr^"^ ^®^ *^ right, will advance 

(■ 1 -J down the screw. ' 

^— In practice, the screw is never 

used as a simple mechanical ma- 
chine; the power being always 
applied by means of a lever, pass- 
ing through the head of the screw, 
as in fig. 74, or into the nut, as in 
fig. 75. 

The screw, therefore, acts with 
the combined power of the inclined plane and the lever, and 
its force is such as to be limited only by the strength of the 
materials of which it is made. 

In investigating the effects of this machine, we must, there- 
fore, take into account both these simple mechanical powers, 
so that the screw now becomes really a compound engine. 

In the inclined plane, we have already seen, that the less it 
is inclined, the more easy is the ascent up it In appl3dng the 
same principle to the screw, it is obvious, that the greater the 
distance of the threads from each other, the more rapid the 
inclination, and consequently, the greater must be the power 
to turn it, under a given weight. On the contrary, if the 
thread inclines downwards but slightly, it will turn with less 
power, for the same reason that a man can roll a heavy weight 
up a plane but little inclined. Therefore, the finer the screw, 
or the nearer the threads to each other, the greater will be the 
pressure under a given power. 

Let us suppose two screws, the one having the threads one 
inch apart, and the other half an inch apart ; then the force 
which the first screw will give with the same power at the 

Which way must the scrow be turned, to make it advanoe thiough the 
out 1 How does the screw, fig. 75^ differ firom %. 741 Is the screw over 
used as a simple machinel jBy what other nmpiepower is it movedl What 
two AxxfAb awchanical powers are ooooemea in the feroe of the screw t 
Why does the nearness of the threads make a daSenoed in the fixioe of A« 
screw 1 
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Urer will be onlj half that given by the second. The seeond 
screw must be turned tvrice as many times round as die first, 
to go through the same space, but what is lost in velocity is 
gained in power. At the lever of the first, two men would 
raise a given weight to a given height by making one revolu- 
tion ; \inule at the lever of the second, one man would raise 
the same weight to the same height, by making two revolu- 
tions. 

It is apparent that the length of the inclined plane, up 
which a bouy moves in one revolution, is the circumference 
of the screw, and its height, the interval between the threads. 
The proportion of its power would therefore be ** as the cir- 
cumference of die screw, to the distance between the threads, 
so is the weight to the power." 

By this rule the power of the screw alone can be found ; 
but as this machine is moved by means of the lever, we must 
estimate its force by the combmed power of both. In this 
case, the circumference described by the end of the lever em- 
ployed, is taken, instead of the circumference of the screw 
itself. The means by which the force of the screw may be 
found, is therefore by multiplying the circumference which the 
lever describes by the power. Thus, ♦* tJie power multiplied 
by the circumference wliich it describes^ is equal to the weight 
or resistance, multiplied by the distance between the two contig- 
uous threads,'^ Hence the efficacy of the screw may be in- 
creased, by increasing the length of the leyer by which it is 
turned, or by diminishing the distance between the threads. 
If, then, we know the length of the lever, the distance between 
the threads, and the wei^t to be raised, we can readily cal- 
culate the power ; or, the power hems given, and the distance 
of the threads and Uie length of the lever known, we can es- 
timate the weight the screw will raise. 

Thus, suppose the length of the lever to be forty inches, the 
distance of the threads one inch, and the weight 8000 pounds ; 
required the power, at the end of the lever, to raise the weight. 

The lever being 40 inches, the diameter of the circle, which 

Suppose one screw, with its threads one inch apart, and another half an 
inch apart, what will be their difference in Ibroe 1 What is the length of 
the inclineid plane up which a body mo?es by one revolution of the screw 1 
What would be the neight to which the same body would move at one revo- 
hition 7 How is the force of the screw estimated 1 How may the efBcacy 
of tKe screw be increased 1 The length of tl^ie lever, the distanQe between 
the thieads, an&l the weight, being known, h«w can tlie power be ibwid f 
Qtw an^xsmpie. 

8* 
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the end describes, is 80 inches. The circmnference is a lit 
tie more than three times the diameter, but we will call it 
just three times. Then 80x3>b4M0 inches, the circumfer- 
ence of the circle. The distance of the threads is 1 inch, and 
the weiffht 8,000 pounds. To find the power, multiply the 
weight by the distance of the threads, and divide by the cir- 
cumference of the circle. Thus 

drciun. in. weight, power. 

240 + 1 :: SSOO ^ 331 
The power at the end of the lever must therefore be 33i 
pounds. In practice this power would require to be increas- 
ed about one third, on account of friction. 

The force of the screw is sometimes employed to turn a 
wheel, by acting on its teeth. Ih this case it is called the 
perpetual screvj. 

Fig. 76. Pig. 76 represents such a ma- 

-j,^^ chine. It is apparent, that b\ tum- 
Tr inff the crank c, the wheel will re- 
=1 volve, for the thread of the screw 
passes between the cogs of the 
wheel. By means of an axle, 
through the centre of this wheel 
like the common wheel and axle 
this becomes an exceedingly pow 
erful machine, but like all othe 
contrivances for obtaining great 
power, its effective motion is ex 

ceedingly slow. It has howevei 

somcNdisadvantageS, and particulany the ^reat friction between 
the thread of the screw and the teeth of me wheel, which pre- 
vents it from being generally employed to raise weights. 

We have now enumeratecl and described all the mechani 
oal powers* usually denominated simple. They are five in 
number, namely, the Lever, Wheel and Axle, Pulley, Wedge, 
Inclined Plane,' and Screw. 

In respect to the principle on which they act, they may be 
resolved into three simple powers, namely, the lever, the in- 
clined plane, and the pulley ; for it has been shown that the 
wheel and axle is only anoUier form of the lever, and that the 
screw i s but a modification of the inclined plane. 

WlHlft 

the object 

nicalpowen 

lolvwl into three wffo powers 1 
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It is surprising indeed, that these simple powers can be so 
arranged and modified, as to produce the different actions in 
an tlmt vast variety of intricate machinery which men have 
invented and constructed. - 

The variety of motions we witness in the little engine which 
makes cards, by bein^ supplied with wire for the teeth, and 
strips of leather to stick them through, would itself seem to 
involve more meichanical powers man those enumerated. 
This engine takes the wire trom a reel, bends it into the form 
of teeth ; cuts it off; makes two holes in the leather for the 
tooth to pass through ; sticks it through ; then gives it another 
bend, on the opposite side of the learner ; graduates the spa- 
ces between the rows of teeth, and between one tooth and 
another ; and at the same time, carries the leather backwards 
and forwards, before the point where the teeth are introduced, 
with a motion so exactly corresponding with the motions of 
the parts which make and stick the teeth, as not to produce 
the difference of a hair's breadth in the distance between them. 
All this is done without the aid of human hands, any-far- 
ther than to put the leather in its place, and turn a crank ; or, 
in «ome instances, many of these machines are turned at once, 
by means of three or lour dogs, walking on an inclined plane 
which revolves. 

Such a machine displays the wonderful ingenuity and per- 
severance of man, and at first sight would seem to set at 
naught the idea that the lever and wheel were the chief sim- 
ple powers concerned in its motions. But when these motions 
are examined singly and deliberately, we are soon convinced 
that the wheel, variously modified, is the principal mechanical 
power in the whole engine. 

It has already been stated, that notwithstanding the vast 
deal of time and ingenuity which men have spent on the con- 
struction of machinery, and in attempting to multiply their 
powers, there has, as. yet, been none produced, in which the 
power was not obtained at the expense of velocity, or veloci- 
ty at the expense of power ; and therefore no actual force is ^ 
ever generated by machinery. 

Suppose a man able to raise a weight by means of a com- 
pound pulley of ten ropes, which it would take ten men to 

What is said of the card-making machine 1 What are the chief mechani- 
cal powers concerned in its motions I Is there any actual force generated 
Oy madiinery 1 Can great vdocity and great Ibice be produced by the same 
machnooy 1 Why IM4 1 
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raise^by one rope, without pullevB. If tbe weight it to Imi 
raised a yard, the ten men bv puliinff their rope a yard wiH^o 
the work. But the man wito the piuleys must draw his rop6 
ten yards to raise the weij^ht one yard, and in addition to this, 
he has to overcome the motion of the ten pulleys, making 
about one third more actual labor than was employed by the 
ten men. But notwithstanding these inconveniences, the use 
of machinery is of vast importance to the world. 

On board of a ship, a few men will raise an anchor with tk 
capstan, which it would take ten or twenty times the same 
number to raise without it, and thus the expense of shipping 
men expressly for this purpose is saved. 

One man with a lever, may move a stone which it would 
take twenty men to move without it, and though it should take 
him twenty times as long, he would still be the ffainer, since 
it would be more convenient, and less expensive for hiip to do 
the work himself^ than to employ twenty others to do it for 
hun. 

When men employ the natural elements as a power to over 
come resistance by means of machinery, there is a vast savins 
of animal labor. Thus mills, and all kinds of engines, whico 
are kept in motion by the power of water, or wind, or steam, 
save animal' labor equal to the power it takes to keep them in 
mdtion. 
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Hydrostatics is the science which treats of the weight, 
pressure, and equilibrium of water, or other fluids, when in a 
state of rest. 

Hydraulics is that part of the science of fluids which treats 
of water in motion, and the means of raising and conducting 
it in pipes, or otherwise, for all sorts of purposes. 

The subject of water at rest, will first claim investigation, 
since the laws which regulate its motion will be best under- 
stood by first comprehending those which regulate its pres- 
sure. 

A fluid is a substance whose p>articles are easily moved 

among each other, as air and water. 

°_ « . 

Which performs the greatert labor, ten men who lift a w)^ht with then 
hands, or (me man who does the same with ten pulleys ? Wnyl What is 
hydrostatics ? How does hydraulics differ from hydrostatics 1 What is ailind 1 
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Fhe air is caUed an elastic fluid, because it is easily com* 
pressed into a smaller bulk, and returns again to its original 
state when the pressure is removed. Water is railed a nan'- 
elastic fluid, because it admits of little diminution of buUc 
under pressure. 

The non-elastic fluids, are perhaps more properly called 
liquids^ but both terms are employed to signify water and 
other bodies possessing its mechanical properties. The term 
fluid, when applied to me air, has the word elastic before it.' 

One of the most obvious properties of fluids, is the facility 
with which they yield to the impressions of other bodies, and 
the rapidity with which they recover their former state, when 
the pressure is removed. The cause of this, is apparently 
the freedom with which the particles of liquids slide over, or 
amon^ each other ; their conesive attraction being so slight 
as to DC overcome by Ae least impression. On this want of 
cohesion among their particles seem to depend the peculiar 
mechanical properties of these bodies. 

In solids, there is such a connexion between the particles, 
that if one part moves, the other part must move also. But 
in fluids, one portion of the mass may be in motion, while the 
other is at rest. In solids, the pressure is always downwards, 
or towards the centre of the earth's gravity ; but in fluids the 
particles seem to act on each other as wedges, and hence, 
when confined, the pressure is sideways, and even upwards, 
as well as downwards. 

Fig. 77. Water has commonly been called a non-elastic sub- 
stance, but it is found that under great pressure its 
volume is diminished, and hence it is proved to be 
elastic. The most decisive experiments on this sub- 
ject were made within a few years by Mr. Perkins. * 
The experiments were maae by means of a hollow 
A cylinder, ng. 77, which was closed at the bottom, and 
made water tight at the top, by a cap, screwed on. 
Through this cap at a, passed the rod b, which was 
five sixteenths of an inch in diameter. The rod was 
so nicely fitted to the cap, as also to be water tiffht. 
Around the rod at c, there was placed a flexible nng, 
which could be easily pushed up or down, but fitted so 
closely as to remain on any part where it was placed 

What Is an elastic fluid? Why is air caUed an elastic fluid 1 What 
■ohstinces am called fiqiiids 1 What is One of the most obvioiis properties 
offi^pads? On whai do the peculiar myhaninal properties of fluids depend ''' 
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A cannon of sufficient size to receive this cylinder, wiiich 
was three inches in diameter, was furnished with a strong 
cap and forcing pump, and set yerticallpr into the ground. The 
cannon and cyhnder were next filled with water, and thecyBn- 
der, with its rod drawn out, and the ring placed down to the 
cap, as in the figure, was plunged into the cannon. The 
water in the cannon was then suojected to an immense pres- 
sure by means of the forcing pump, after ifhich, on examina^ 
tion of the apparatus, it was founa that the ring c, instead of 
being where it was placed, was eight inches up the rod. The 
water in the cylinder bein^ compressed into a smaller space, 
by the pressure of that in the cannon, the rod was driven in, 
while under pressure, but was forced out again by the expan- 
sion of the water, when the pressure was removed. Thus the 
ring on the rod would indicate tlie distance to which it had 
been forced in, during the ffreatest pressure. 

This experiment proved that water under the pressure of 
one thousand atmospheres, that is, the weight of 15000 pounds 
to the square inch, was reduced in bulk about one part in 
24. 

So slight a degree of elasticity under such immense pres- 
sure, is not appreciable under ordinary drcumstemces, and 
therefore in })ractice, or in common experiments on this fluid, 
water is considered as non-elastic. 

Equal pressure of Water, 

The particles of water, and other fluids, when confined, 
press on the vessel which confines them, in all directions, both 
up^vards, downwards, and sideways. 

From this property of fluids, together with their weight, or 
gravity, very unexpected and surprising eflfects are produced 

The eflect of this property, which we shall first examine, is, 
that a quantity of water, however small, will balance anothei 
quantity however large. Such a proposition at first thought 
mi^ht seem very improbable. But on examination, we shall 
find that an experiment with a very simple apparatus will con 
vince any one of its truth. Indeed, we every day see this 
principle established by actual experiment, as will be seen 
directly. 

In what respect does the predsure of a fluid diflSsr from that of a adHd'i 
U water an elastic, or a non-elastic fluid 1 Describe fig. 77, and ehsm how 
water was found to be elastic. In what proportion does the bulk of water 
dinnabhunder a pressure of 15060 pounds to the square indi? laaHiiiiion 
expeoments, is water considered elastic, or non-dastic 1 When waltr is 
eooflned, in what diiectian does it pvessl 
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F%. 78. Tig. 78, represents a eoiumon eoffee-pet» 

^^M^ supposed to oe filled np to the do.tted line «» 
^ ^ f irt ^*" • decoction of coflee, or any other 
yknt/gmy liquid. The coffee, we ki^ow, stands exactly 
^^^^B^ at the same height, both in the body of the 
^^^H^ pot, and in its spout. Therefore, tne smaJl 
U^^^ quantity in the spout, balances the large 
quantity in the pot, or presses with the same 
force downwards, as that in the body of the pot presses up- 
wards. This is obviously true, otherwise, the large quantity 
would sink below the dotted line, while that in the spout would 
rise abore it, and run over. 

Fig. 79. The same principle is more strikingly 

illustrated by fig. 79. 

Suppose the cistern a to be capable of 
holding one hundred gallons, and into its 
bottom there be fitted the tube 5, bent, as 
J seen in the figure, and capable of contain- 
ing one gallon. The top of the cistern, 
and that of the tube being open, pour wa- 
ter into the tube at c, and it will rise up 
through the perpendicular bend into the 
cistern, and if the process be continued, 
the cistern will be filled by pouring water 
iLto the tube. Now, it is plain that the gallon of water in the 
tube, presses against the hundred gallons in the cistern with a 
force equal to the pressure of the nundred gallons, otherwise 
that in the tube' would be forced upwards higher than that in 
the cistern, whereas, we find that the sur&ces of both stand 
exactly at the same height. 

From these experiments we learn, " that the pressure of a 
fluid is not in proportion to its quantity, but to its height, and 
that a large quantity of water in an open vessel, presses 
downwards with no more force, than a small quantity of the 
same height^ 

In this respect, the size or shape of a vessel is of no conse- 
quence, for if a number of vessels, difiering entirely from each 
other in figure, position, and capacity, have a communication 
made between tnem, and one be filled with water, the sur- 

How docs the experiment with the cofiec-pot, show that a small quantity 
of liqnid wiQ balance a large onel Explain fig. 79, and show how the press- 
ure in the tube is equal to the pressure in the cistern. What conclusion, or 
general truth, is to be drawn from these experiments 1 What difference doee 
the shape or size of a vessel make in respect to the pressure of a fluid on it* 
bottom 1 
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To make this obvious, sappose a nomber of vesaels, of dif- 
ferent shapes and sizes, as represented br fig. 80, to have a 
commnmcfltion between them, oy means of a small tnbe, pass- 
ing from the one to the other. If) now, one of these vessels 
be filled with water, or if water be poured into the tube a, all 
Ihe other vessels will be filled, at the same instant, up to tlie 
line h, c. Therefore, the pressure of the water in a, balances 
that in 1 , 2, 3, Slc, while tne pressure in each of these vessels, 
is equal to that in the other, and so an equilibrium is produced 
throughout the whole series. 

If an ounce of water be poured into the tube a, it will pro- 
duce a pressure on the contents of all the other vessels, equal 
to the pressure of all the others on the tube ; for, it will force 
the water in all the other vessels to rise upwards to an equal 
height with that in the tube itself. Hence we must conclude, 
that the pressure in each vessel, is not only equal to that in 
any of the others, but also that Ihe pressure in any one, is 
equal to that in all the others. 

From this we learn, that (he shape or size of a vessel has 
no influence on the pressure of its liquid contents, but that the 
pressure of water is as its height, whether the quantity be 
great or small. We leamalso, that in no case will the weight 
of a quantity of liquid, however large, force another quaDbl>,. 
however small, above the level of its own surface. 



Ex[itsin fig. 8 



), and show how the equihbrinm u pToduc«I. 
... ._ . ...ir be poured into Ihe lube o, what will be it* efiect oi 
tsuf the other venekl Wlut conclusiaii ii to be drawn from pooring tlM 
K* of water into the tube a '> 
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This ifl piToved by experiment; for it, from a poild situated 
on a mountain, water be conveyed in an inch tube to the valley 
an hundred feet below, the water will rise Just a hundred feel 
in the tube ; that is, exactly to the level of the surface of the 
pond. Thus the water in the pond, and that in the tube, press 
equally against each other, and produce an exact equilibrium. 
Thus far we have considered the fluid as acting only in ves- 
sels with open mouths, and therefore at liberty to seek its ba- 
lance, or equilibrium by its own ^vity. Its pressure, we 
have seen, is in proportion to its height, and not to its bulk* 

Now, by other experiments it is ascertained that the pres- 
sure of a liquid is in proportion to its height^ and its area at 
ike base. 

Fig. 81. Suppose a vessel ten feet high, and 

two feet in diameter, such as is repre- 
sented at Of fig. 81, to be filled with 
water; there would be a certain amount 
of pressure, say at c, near the bottom. 
Let d represent another vessel, of the 
same diameter at the bottom, but onlv 
a foot high, and closed at the top. 
a Now if a small tube, say the fourth oi 
an inch in diameter, be inserted into 
the cover of the vessel d, and this tube 
be carried to the height of the vessel 
0, and then, the vessel and tube be fill- 
ed with water, the pressure on the bot- 
^ toms and sides of both vessels to the 
same height will be equal, and jets of 
water starting from d, and c, will have exactly the same force. 
*' This might at first seem improbable, but to convince our- 
selves of its truth, we have onlv to consider that any impres- 
sion made on one portion of the confined fluid in the vessel 
d, is instantly communicated to the whole mass. Therefore, 
the water in the tube b presses with the same force on every 
other portion of the water in (^ as it does on that small portion 
over which it stands. 
This principle is illustrated in a very striking manner by 

What is the reason that a large quantity of water will not force a small 

laandty above its own level 1 Is the force of water in proportion ta its 

height, or its quantity 1 How is a small quantity of water shown to press 

equal to a large quantity by £g. dl 1 Explain tha reascm why th» [aessufe 

IS as great at 3, as at c. 
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the experiment, which has often been made, of bursting the 
strongest vine cask with a few ounces of water. 



Fig. 82. 
7 




Suppose a, fig. 82, to be a strong cask already 
filled with water, and suppose the tube ft, thirty 
feet high, to be screwed, water tight, into its 
head. When water is poured into the tube, so 
as to fill it gradually, the cask will show increas 
ing signs of pressure, by emitting the water 
through the pores of the wood, and between the 
joints : and finally as the tube is filled, the cask 
will burst asunder. • 

The same apparatus will serre to illustrate the 
upward pressure of water ; for if a small stop- 
cock be fitted to the upper head, on turning this, 
when the tube is filled, a jet of water will spirt 
up with a force, and fo a neight that will aston- 
ish all who never before saw such an experi 
1^ ment. 

In theory, the water will spout to the same 
height with that which gives the pressure, but in 
practice, it is found to fall short, in the following proportions : 
If the tube be twenty feet high, arid the orifice for the jet 
half an inch in diameter, the water will spout nearly nineteen 
feet. If the tube be fifty feet high, the let will rise upwards 
of forty feet, and if an hundred feet, it will rise above eighty 
feet. It. is understood in every case, that the tubes are to be 
kept full of water. 

The height of these jets show the astonishing effects that a 
small quantity of fluid produces when pressing from a perpen- 
dicular elevation. 

An instrument called the hydrostatic bellows, also shows, 
in a striking manner, the great force of a small quantity of 
water, pressmg in a perpendicular direction. 

This instrument consists of two boards, connected together 
with strong leather, in the manner of the common bdlows. 
It is then furnished with a tube a, fig. 83, which communi- 
cates between the two boards. A person standiujg on the 
upper board, may raise himself up by pouring water into the 
tube. If the tube holds an ounce of water, and has an area 

How 18 the same principle illustrated by fig. 82 1 How is the upward 
preflsnie of water illustrated by the same apparatus 1 Under the pressure of 
a cohumi of water twenty feet ^^"^ «^bat will be the height of the jet 1 
Under a pressure of a hundre<^ * ^'"^ wffl it rise % 
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Fig. 84. 



Fig. 83. equal to a thousandth part of the area 

J of the top of the bellows, one ounce of 

ivater in the tube will balance a thou- 
sand ounces placed on the bellows. 
This property of water was applied 
by Mr. Bramah to the. construction of 
his hydraulic press. But instead of a 
high tube of water, which in most cases 
could not be readily obtained, he sub- 
stituted a strong forcing pump, and in- 
stead of the leather bellows, a metallic 
pump barrel, and piston. 

This arrangement will be understood 
by ^g. 84, where the pump barrel, a, 6, 
is represented as divided lengthwise, in 
order to show the inside. The 
piston, c, is fitted so accurately 
to the barrel, as to work up and 
down water tight; both barre. 
and piston being made of iron. 
The thing to be broken, or 
pressed, is laid on the flat sur- 
face, t, there being above this, 
a strong frame to meet the 
pressure, not shown in the 
figure. The small forcing pump, 
of which d is the piston, and h 
the lever by which it is worked, is also made of iron. 

Now, suppose the space between the small piston and the 
large one, at ir, to be filled with water, then, on forcing down 
the small piston, d, there will be a pressure against the large 
piston, c, the whole force of which will be in proportion as the 
aperture in which c works, is greater than that in which d 
works. If the piston, (2, is half an inch in diameter, and the 
piston, c, one foot in diameter, then the pressure on c will be 
576 times greater than that on d. Therefore, if we suppose 
Che pressure of the small piston to be one ton, the large piston 
will be forced up against any resistance, with a pressure equal 

What ifl the hydrostatic bellows 7 Whatproperty of water b this instra- 
ment designed to show? Explain fig. 84. Where is the piston 1 Which li 
the pump barrel, in which it works f In the liydroetatic press, what b thd 
proportion between the pressure gixen by the coxiaU pistcHii and the fixrce ex- 
erted on the large one ? 
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to the w^ght of 576 tona. It' would be easy for a single man 
to gfre the pressure of a ton at df by means of the lever, and 
therefore a man, with this engine, would be able to exeit a 
force equal to the weight o( near 600 tons. 

It is eyident, that the force to be obtained by this principle, 
can only be limited bythe strength of the materials of which 
^e engine is made. Thus, if a pressure of two tons be given 
to a piston, the diameter of whicn is only a quarter of an inch, 
the force transmitted to the other piston, if three feet in dia- 
meter, would be upwards of 40,000 tons ; but such a force is 
much too great for the strength of any material with which 
we are acquainted. 

A small quantity of water, extending to a great elevation, 
would jdve the pressure above described, it being only for the 
sake of convenience, that the forcing pump is employed, in- 
stead of a column of water. 

There is no doubt, but in the operations of nature, great 
effects are sometimes produced among mountains, by a small 
quantity of water finding its way to a reservoir in the crevices 
of the rocks far beneath. i 

I*'»g-85. Suppose, in 

the interior ol 
a mountain, fig. 
85, there should 
be a space of 
10 yards square, 
and an inch 
deep, filled with 
water, and clo 
sed up on all 
sides; and sup- 

pose that in the 

course of time, a small fissiu-e, no more than an inch in dia- 
meter, should be opened by the water, from the height of two 
hundred feet above, down to this little reservoir. The con- 
sequence might be, that the side of the mountain would burst 
asunder, for the pressure, under the circumstances supposed, 
would be equal to the weight of five thousand tons. 

^ What b the estimated force which a man could ^ye by one of these en- 
sines 1 If the piessuie of two tons be made on a piston of a quarter of an 
inch in diameter, what will be the force transmitted to the other piston of 
three feet in diameter 1 What is said of the pleasure of water in the crevices 
of mountains, and the consequences 1 
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Water Level. 
We have seen, that in whatever situation water is placed, it 
alwa^ tends to seek a level Thus, if several vessels com- 
municating with each other be filled with water, the fluid will 
be at the same hmght in all, and the level will be indicated by 
a straight line drawn through all the vessels, as in fig. 80. 

It is on the principle of Uiis tendency, that the litUe instru- 
ment called the water level is constructed. 

F5g. 86. The form of this inslru 

ment is represented by Bg. 
86. It consists of a, 5, a 
tube, with its two ends 
turned at riffht angles, and 
lefl open. ' Into one of the 
ends is poured water or mercury, until the fluid rises a little 
in the angles of the tube. On the surface of the fluid, at 
each end, are then placed small floats, carrying upright frames, 
across which are drawn small wires or hairs, as seen at c and 
d. These hairs are called the sights, and are across the line 
of the tube. 

It is obvious that this instrument will always indicate a le- 
vel, when the floats are at tlie same height, in respect to each 
other, and not in respect to their comparative heights in the 
ends of the tube, for if one end of the instrument be held 
lower than the other, still the floats must always be at the same 
height. To use this level, tlierefore, we have only to bring the 
two sights, so that one will range with the other ; and on pla- 
cing the eye at c, and looking towards d, tliis is determined in 
a moment. 

This level is indispensable in the construction of canals and 
aqueducts, since the engineer depends entirely on it, to ascer- 
tain whether the water can be carried over a given hill or 
mountain. 

Fig. 87. llie common spirit level consists of 

a fflass tube, fig. b7, filled with spirit of 
wuie, excepting a small space in which 
there is left a bubble of air. This 
bubble, when the instrument is laid on 

.On what principle b the water-level constructed? Describe the manner 
in which the level with tashtB is used, and the re^n why the floats will al< 
ways be at the same hdgnt. What Lb the uae of the level *i Describe the J 

common spirit level, and the method of using it 
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a lerel aur&ce, will be exftcdy in Ike middle of the tube, and 
tberelbre to a4|usl a levelt it is only neeessary to bring the 
bubble to tbis pontion. 

Tlie glass tube is enclosed in a brass case, which is cut out 
on the upper side, so ^at the bubble may be seen, as repre- 
sented in tlie figure. 

This instrument is employed by builders to level Uieir work, 
and is highly convenient for that_ purpose, since it is only ne- 
cessary to lay it on a beam to try its level. 

Specific Gravity. 

If a tumbler be filled with water to the brim, and an egs, oi 
any other heavy solid, be dropped into it, a quantity of the 
fluid, exactly equal to the size of the egg, or other solid, will 
be displaced, and will flow over the side of the vessel. Efodies 
which sink in water, therefore, displace a quantity of the fluid 
equal to their own bulks. 

Now, it is found, by experiment, that when any solid sub- 
stance sinks in watery it loses, while in the fluid, a portion of 
its weif ht, just equal to the weight of the bulk of water which 
it displaces. This is readily made evident by experiment. 

Fig. 88. Take a piece of ivory, or 

any other substance that will 
sink in water, and weigh it 
accurately in the usual man- 
ner; then suspend it by a 
thread, or hair, in the empty 
cup a, fig. 88, and then ba- 
lance it, as shown in the 
figure. Now pour water into 
the cup, and it will be found 
that the suspended body will 
lose a part of its weight, so 
that a certain number of mins must be taken from the oppo- 
site scale, in order to make the scales balance as before the 
water was poured in. The number of grains taken from the 
opposite scale, show the weight of a quantity of water equal 
to the bulk of the body so suspended. 

When a solid is weighed in water, why does it lose a part of its weight « 
How mudi less will a calnc inch of any substance weigh in water than in 
air % How is it proved by fig. 88, that a bcdy weighs less in water than in 
air ? What is flie specific gravity of a bod^ 7 How are th« specific gravities 
of solid bodies takeii 1 
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Tt in on the principle, that bodies iirei^h less in the-water» 
than- they do when weighed out of it, or in the air, that water 
becomes the means of ascertaining their specific grayities, for 
it is by coraparinff the weight of a body in the water, with what 
it weighs out of it, that its specific gravity is determined. 

Thus, suppose a cubic inch of gold weighs 19 ounces, and 
on being weighed in water, weighs only 18 ounces, or loses a 
nineteenth part of its weight, it will prove that ^old, bulk for 
bulk, is nineteen times lieavier than water, and thus J 9 would 
be the specific gravity of gold. And so if a cube of copper 
weigh 9 ounces in the air, and only 8 ounces in the water, 
then copper, bulk for biilk, is 9 times as heavy as water, and 
therefore has a specific gravity of 9. 

If the body weigh less, bulk for bulk, than water, it is obvi- 
ous that it will not sink in it, and therefore weights must be 
added to the lighter body, to ascertain how much less it weighs 
than water. 

The specific gravity of a body, then, is merely its weiffht, 
compared with uie same bulk of water ; and water is thus 
made the standard by which the weights of all other bodies 
are compared. 

To take the specific gravity of a solid which sinks in water, 
first weigh the body in the usual manner, and note down the 
number of grains it weighs. Then with a hair, or fine thread, 
suspend it from the bottom of the scale-dish, in a vessel of 
water, as represented by fig. 88. As it weighs less in water, 
weights must be added to the side of the scale where the body 
is suspended, until they exactly balance each other. Next 
note down the number of grains so added, and they will show 
the difierence between the wei^t of the body in air, and in 
water. 

It is obvious, that the greater the specific gravity of the body, 
the less, comparatively, will be this difierence, because each 
body displaces onlv its own bulk of water, and some bodies of 
the same bulk, will weich many times as much as others. • 

For example, we will suppose that a piece of p^atina, weigh- 
ing 22 ounces, will displace an ounce of water, while a piece 
of silver, weighing 22 ounces, will displace two ounces of 
water. The platina, therefore, when suspended as above de- 
scribed, will require one ounce to make the scales balance. 

Why does a hea^ body wd^ oompantiwly lew in the water than a 
light one ? ^ 
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while the same weight of silver will require two ounces foi 
the same purpose. The platina, therefore, bulk for bulk, will 
wciffh twice as much as the silver, and vill hare twice i|9 
mucn specific gravity. 

Having noted down the difierence between the weight of 
the bod}' in air and in water, as above explained, the specific 
gravity is found by dividing the weight in air, by the loss in 
water. The greater the loss, therefore, the less will be th€ 
specific gravity, the bulk being the same. 

Thus, in the above example, 22 ounces of platina was sup- 
posed to lose one ounce in water, while 22 ounces of silver 
lost two ounces in water. Now 22, divided by 1, the loss of 
the platina, is 22 ; and 22 divided by 2, the loss in the silver, 
is 11. So that the specific gravity of platina is 22, while that 
of silver is 11. The specific gravities of these metals, are, 
however, a little less than here estimated. [For other methods 
of taking' specific gravity, see Chemistry.] 

Hydrometer. 

The hydrometer is "^an instrument, by which the specific 
gravities of fluids are ascertained, by the depth to which it 
sinks below their surfaces. 

Suppose a cubic inch of lead loses, when weighed in water, 
253 grains, and when weighed in alcohol, only 209 grains, 
then, according to the principle already recited, a cubic inch 
of water actually weighs 253, and a cubic inch of alcohol 
209 gi-ains, for when a body is weighed in a fiuid, it loses just 
the weight of the fiuid it displaces. 

Water, as we have already seen, is the standard by which 
the weights of other bodies are compared, and by ascertaining 
what a given bulk of any substance weighs in water, and then 
what it weighs in any other fluid, the comparative weight of 
water and this fluid will be known. For if, as in the afiove 
example, a certain bulk of water weighs 253 gi*ains, and the 
same bulk of alcohol only 209 trains, then alcohol has a spe- 
cific gravity, nearly one fourth less than water. 

It is on this principle that the hydrometer is constructed. 

Having taken the difference between the weight of a body in air and in 
water, by what rule is its specific gravity found! Give the example stated, 
and show how the difference between the npecific gravities of platina and mlver 
is ascertained. What is the hydrometer f Supjpoee a cubic inch of any snb- 
rtance weighs 253 grains less in water than in air, what is the actual weight 
•f a cubic mch of water 7 On what principle is the hydrometer founded 1 
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Fig. 89. 

I 



It is composed of a hollow ball of glass, or metal, with a gra- 
duated scale rising from its upper part, and a weight on its 
under part, wliich serves to balance it in the fluid. 

Such an instrument is represented by fig. 
89, of which b is the graduated scale, and a 
the weight, the hollow ball being between 
them. 

To prepare this instrument for use, weights, 
in fframs, or half grains, are put into the little 
ball a, until the scale is carried down, so that 
a certain mark on it coincides exactly ^vith the 
surface of the water. Tli is mark then becomes 
the standard of comparis(yn between water and 
/'"^ any other liquid, in which the hydrometer is 
( J placed. If plunged into a fluid lighter than 
>B-^ water, it will sink, and consequently the fluid 

O^ I will rise higher on the scale. If the fluid is 
heavier than water, the scale will rise above 
the surface in proportion, and thus it is ascertained, in a mo- 
ment, whether any fluid has a greater or less specific gravity 
than water. 

To know precisely how much the fluid varies from the stand- 
ard, the scale is marked ofl* into de^ees, which indicate grains 
by weight, so that it is ascertained, very exactly, how much 
the specific gravity of one fluid diflers from that of another. 

Water bemg the standard by which the weights of other 
substances are compared, it is placed as the unit, or point of 
comparison, aitd is therefore 1, 10, 100, or 1000, the ciphers bein^ 
added whenever there are fractional parts expressing the speci- 
fic gravity of the body. It is always understood, therefore, that 
the specific gravity of water is 1, and when it is said a body 
has a specific gravity of 2, it is only meant, that such a body 
is, bulk for bulk, twice as heavy as water. If the substance is 
lighter than water, it has a specific gravity of 0, with a frac- 
tional part. Thu« alcohol has a specific gravity of 0,809, that 
is 809, water being 1000. 



How is this instrument fiirmeu } How is the hydrometer picpared for use 1 
now is it known, by tMs instrument, whether the fluid n Ughter or heavier 
then water 1 What is the standard by which the weights of other bod^ are 
compared 1 What is the specific eravity of water 1 When it is said that 
the specific gravity of a body is 2 or 4, what meaning is intended to ^ 
conveyed 1 
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By means of this instrument, it can be told with great accu-* 
racy how much water has beeQ added to spirits^ for the great- 
er me quantity of M^ater, the higher will the scale rise above 
the surface. 

The adulteration of milk with watery can also be readily 
detected with it, for as new milk has a specific gravity of 1032, 
water being 1000, a very small quantity of water mixed ^vith 
it would be indicated by the instrument. (See Specific Gravi- 
ty in Chemistry,) 

Hie Syphon. 

Take a tube, bent like the letter U, and having filled it with 
watei, place a finger on each end, and in this state plunge one 
of the ends into a vessel of water, so that the. end in the water 
shall be a little the highest, then remove the fingers, and the 
liquid will flow but, and continue to do so, until the vessel is 
exhausted. 

A tube acting in this manner, is called a syphon, and is re- 
presented by fig. 90. The reason why the water flows from 

the end of the tube a, and conse- 
quently ascends through the other 
part, is, that there is a greater weight 
of the fluid from b to a, than froiii c 
to &, because the perpendicular 
height from 5 to a is the greatest. 
The weight of the water from & to a 
falling downwards, by its gravity, 
tends to form a vacuum, or void 
space, in that leg of the tube ; but 
the pressure of the atmosphere on 
the water in the vessel, constantly 
forces the fluid up the other leg of the tube, to fill the void 
space, and thus the stream is continued as long as any watei 
remains in the vessel. 

The action of the syphon depends upon the same principle 
as the action of the pump, namely, the pressure of the atmo- 
sphere, and therefore its explanatipn properly belongs to Pneu- 
matics. It is introduced here merely for the purpose of illus- 
trating the phenomena of intermitting springs ; a subject which 
properly belongs to Pneumatics. 

Alcohol has a specific gravity of 809 ; what, in reference to this, is the spe- 
cific gravity of water 1 In what maimer is a syphon made 1 Explain the rea- 
son why the water ascends through one 1^ of the syphon, and descends 
through the other. 
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Some springs, situated on the sides of mountains, flow for a 
while with great violence, and then cease entirely. After a 
time they begin to flow again, and then suddenly stop, as be- 
fore. These are called intermitting springs. Among iffno- 
rant and superstitious people, these strange appearances have 
been attributed tb witchcraft, or the influence of some super- 
natural power. But an acquaintance with the laws of nature 
will dissipate such ill founded opinions, by showing that they 
owe their peculiarities to nothing more than natural syphons, 
existing in the mountains from whence the water flows. 

Fig. 91. 



Fig. 91 is the section of a mountain and spring, showing 
how the principle of the syphon operates to produce the eflect 
described. Suppose there is a crevice, or hollow in the rock, 
from a to 6, and a narrow fissure leading from it, in the form 
of the syphon b c. The water, from the rills/, e, filling the 
hollow, up to the line a d, it will then discharge itself through 
the syphon, and continue to run until the water is exhausted 
down to the leg of the syphon b, when it will cease. Then 
the water from the rills continuinff to run imtil the hollow is 
again filled up to the same line, the syphon again begins to 
act, and. a^in discharges the contents of the reservoir as be- 
fore, and tnus the spring p, at one moment, flo^vs with great 
violence, and the next moment ceases entirely. 

The hollow, above the line a d, is supposed not to be filled 
with the water at all, since the syphon begins to act whenever 
the fluid rises up to the bend d. 

What is an intermitting sprin^g 1 How is the phenomenon of the intor- 
tnitting spring explained 1 Explain fig. 91, and show the reason why such a 
spring v,ill flow, and cease to now, alternately. 
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During the dry scanons of the year» it is obvious, thai s*ich 
ft spriiiff would cease to flow entirely, and would begin again 
only when the water from the mountain filled the cavity 
trough the rills. 

Sudi springs, although not very common, exist in rarious 
parts of the world. Dr. Atwell has described one in the Phi- 
losophical Transactions, which he examined in Devonshire, in 
England. The people in the neighborhood, as usual, ascri- 
bed its actions to some sort of witchery, and advised the doctor, 
in case it did not ebb and flow readily, when he and his friend 
were both present, that one of them should retire, and see 
what the spring would do, when only the other was present 



HYDRAULICS. 

It has been stated, that Hydrostatics is that branch of Natu 
ral Philosophy, which treats of the weight, pressure, and equi- 
librium of fluids, and that Hydraulics nas for its object the 
investigation of the laws which regulate fluids in motion. 

If the pupil has learned the principles on which the pressure 
and equilibrium of fluids depend, as explained under the for- 
mer article, he will now be prepared to understand the laws 
which govern fluids when in motion. 

The pressure of water downwards, is exactly in the same 
proportion to its height, as is the pressure of solids in tlie same 
direction. 

Suppose a vessel of three inches in diameter has a billet 
of wood set up in it, so as to touch only the bottom, and sup- 
pose the piece of wood to be three feet long, and to weigh 
nine pounds ; then the pressure on the bottom of the vessel 
will be nine pounds. If another billet of wood be set on this, 
of the same dimensions, it will press on its top with tlie 
weight of nine pounds, and the pressure at the bottom will be 
18 pounds, and if another billet be set on this, the pressure at 
the bottom will be 27 pounds, and so on, in this ratio, to any 
height the column is carried. 

Now the pressure of fluids is exactly in the same proportion; 
and when confined in pipes, may be considered as one short 
column set on another, each of which increases the pressure 
of the lowest, in proportion to their number and height. 

How does the science of Hydrostatics differ firom that of Hydraulics 1 Does 
the downward pcessure of water differ fiom the downward pressure of solids, 
in proportion 1 How is the downward pressure of water illustwled % 



BYD&AUI.IC8. 



199 




e 



9 



Thus, noiwithwtanding the IftlorBl pi%f»ui« of 
fluids, their dowow^ pressure is as their heights. 
This fact will he found of importance in the inves- 
tigation of the principles of certain hydraulic ina* 
cmnes, and we nave therefore endeavoured to im* 
press it oh the oi^nd of the pupil hy flg. d2. where 
It will he seen» that if the pressure of three feet of 
water be eauaJ to nine pounds on the bottom of 
.f^the vessel, me pressure of twelve feetwiH be equal 
to thirtynsix pounds. 

The quantity of water which will be discharged 
from an orifice of a given size, will be in propor- 
£^tion tt> the height of the column of water above it, 
for the discharge will increase in velocity, in pro* 
portion to the pressure, and the pressure, we have 
already seen, will be in a fixed ratio to the 
height 

If a vessel, fig. 9% be fil- 
led with water, and three 
apertures be made in its side 
at the points a, 6, and c, the 
fluid will be thrown out in 
jets, and will fiJl towards thd 
earth, in the curved lines, a, 
5, and c. The reason why 
these cinrves dififer in shape, 
is, that the fluid is acted on 
by two forces, namely, the 
-pressure of the water abQve 
the jet, which produces its velocity forward, and the action of 
gravity, which impels it downward. It therefore obeys the 
san^e laws that solids do when projected forward, and falls 
down in curved lines, the shapes of which depend on their 
relative velocities. 

The quantity of water discharged, being in proportion to 
the pressure, that discharged from each orifice will differ in 
quantity according to the height of the water above it. 
It is found, however, that the velocity with which a vessel 

Without re&nmce to the lateral pressura, in what proportioado ftaHSm presi 
downwaidsl What will be the propoitbn of a ftaai diflchaTged from an on- 
ISoeof affivensiasel WhydothehiiegdeicribedbTtikejetafiomthieveaKi, 
fig. »3,dSfer in shape 7 

10 



Fig. 93. 
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disdMurg€8 its contents, does not depend enfirely on the pres* 
sure, but in p«rt on the kind of orifice through which the 
Hqnid flows. It might be expected, for instance, that a tin 
Teasel of a given capacity, wiui an orifice of say an inch in 
diameter through its side, would part with its contents sooner- 
than another of the same capacity and orifice, whose side was 
an inch or two thick, since the friction through the tin mig-ht 
be considered much less than that presented by the other 
orifice* But it has been found by experiment, thai the tin 
vessel does not part with its contents so soon as another vessel, 
of the same height and si^e of orifice, from which the water 
flowed throiiffh a short pipe. And, on varying the length of 
these pipes, it is found that the most rapid discharge, other 
circumstances being equal, is through a pipe, whose len^li 
is twice the diameter of its orifice. Such an aperture dis- 
chargjed 82 quarts, in the same time that another vessel of 
tin without the pipe, discharged 62 quarts. 

This surprising difiference is accounted for, by supposing 
that the cross currents, made by the rushing of the wat^r from 
diflerent directions towards the orifice, mutually interfere with 
each other, by which the whole is broken, and thrown into 
confusion by the sharp edge of the tin, and hence the water 
issues in the form of spray, or of a screw, from sach an orifice. 
A short pip^ seems to correct this contention among opposing 
currents, and to smooth the passage of the whole, ana hence 
we may observe, that from such a pipe, the stream is round 
and well defined. 

Friction between solids and fluids. 
The rapidity with which water Ajows through pipes of the 
same diameter, is found to depend much on the nature of 
their internal sur&ces. Thus, a lead pipe with a smooth aper- 
ture, under the same circumstances, will convey much more 
water than one of wood, where the surface is rough, or beset 
with points. In pipes, even where the surface is as smooth as 

What two Ibroes act upon the fluid as it U diacharged, and how do these 
Ibfoes produce a curved fine 1 Does the velodty with which a fluid is dis- 
chaiged, depend entirely on (he pressure 1 What circumstance, besides pres- 
sure, ftditates the discharge of water from an orificel In a tube discharg- 
ing water with the greatest velocity, what u the proportion between its dia- 
mstsranditokngth^ What is the proportionbetween the qoant&y of fluid 
disehuged through tn orifioe of tin, and through a short pipe? Suppose a 
lead and a riaas tube, of the same diameter, which wiU deliver the greatest 
quantity of Iquid in the same time 1 
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glass, there is still considerable friction, for in all cases the 
water is found to pass more rapidly in the middle of the stream 
than it does on the outside, wnere it rubs against the sides of 
the^ tube. 

The sudden turns, or anffles of a pipe, are also found to be 
a considerable obstacle to the rapid conveyance of the water, 
for such angles throw the fluid into eddies or currents, by 
which its velocity is arrested. 

In practice, therefore, sudden turns are generally avoided, 
and where it is necessary that the pipe should change its direc- 
tion, it is done by means of as large a circle as convenient. 

Where it is proposed to convey a certain quantity of water 
to a considerable distance in pipes, there will be a great dis- 
appointment in respect to the quantity actually delivered, un- 
less the engineer takes into account the friction, and the turn-' 
ings of the pipes, and makes large allowances for these cir- 
cumstances. If the quantity to be actually delivered ought to 
fill a two inch pipe, one of three inches will not be too g^reat 
an allowance, if tne water is to be conveyed to any consider- 
able distance. 

In practice, it will be found that a pipe of two inches in ' 
diameter, one hundred feet long, will oischarge about five 
times as much water as one of one inch in diameter of the 
same length, and under the same pressure. This difference 
is accounted for^ by supposing that both tubes retard the mo- 
tion of the fluid, by friction, at equal distance from their in- 
ner surfaces, and consequently, that the efiect of this cause is 
much greater in proportion, in the small tube, than in the 
large one. 

The efiect of friction in retarding the motion of fluids is 
perpetually illustrated in the flowing of rivers and brooks. 
On the side of a river, the water, especially where it is shal- 
low, is nearly still, while in the middle of the stream it may 
run at the rate of five or six miles an hour. For the same rea- 
son, the water at the bottoms of rivers is much less rapid than 
at the surface. This is often proved by the oblique position 
of fioating substances, which in stUl water would assume a 
vertical direction. 

Why will' the glass tube deliver most 1 What is said of the sudden tum- 
tngs of a tube in retarding the motion of the fluid 1 How much more water 
wm a two inch tube of aliundred feet long discharge, than a one inch tube 
of the same length 1 How is this difference accounted €>r 1 How do rivers 
show the efiect of friction in retarding the motion of their wat«ra 1 
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Thni, nippoM the atick of wood e, fif 
M, U> be kwjled at one end witb lead, of 
j the eame diameter as the wood, so as to 
j make it stand upright in still water. In 
I the carrent of a nver, where the lower 
I eoA nearly reaches the bottom, it will iii- 
I eline as in the figure, because die water 
I ia moie rapid towards the surface than at 
I the bottom, and hence the tendencv of 
1 thenpper end tomove&sterthan thelow 

r one, gives it an inclination forward. 
Machines for raising water. 
The common pump, though a hydraulic machine, dependf 
on the pressure of the atmosiuiere lor its effect, and therefore its 
explanationcomesproperlf under the article Pneumatics, where 
the consequences of atmospheric pressure will be illustrated. 
Such machines only, as raise water without flie assistance 
of the atmosphere, come properly under the present article. 
Among these, one of the most curious, as well as ancient 
machines, is the screw of Archimedes, and which was invent- 
ed by that celebrated philosopher, two hundred years before 
the Christian era, ana then employed for rusing water and 
draining Und in Egypt. 

Fig.9& 



In consists of a targe tnbe, fig. 96, coiled around a shaft 
of wood to keep it in place, and give it support Both ends o f 

"EzpUin fig, 94. Who « «W to Iuito been llie inwntor of Archimede.' 
maawl Explain thi* nudune, m lepnieatsd in fi(. 95, uid ihow how tftv 
wVtBt b deratadbjr tumii^ ft. 
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.die tube are open, ^e lower one being dipped into the water 
to be raised, and the upper one discharging it in an intermit^ 
ting stream. The shaft turns on a support at each end, that 
at Uie upper end being seen at a, the lower one being hid by 
the water. As the machine now stands, the lower bend of 
the screw is filled with water, since it is below the surface c^(2. 
On turning it W the handle, from left to right, that part of 
the screw now filled with water will rise above the surface c, d, 
and the water having no place to escape, falls into the next 
lowest part of the screw at e. At the next revolution, that 
portion which, during the last was at e, will be elevated to g*, for 
the lowest bend will receive another supply, which in the mean 
time will be transferred to e, and thus by a continuance of this 
motion, the water is finally elevated to the discharging orifice p. 
This principle is readily illustrated by winding a piece of 
lead tube round a walking stick, and then turning the whole 
wiii one end in a dish of water, as shown in the figure. 

Fig. 96. Instead of this method, water was some- 

times raised by the ancients, by means of a 
^ rope, or bundle of ropes, as shown at fig. 
96. 

This mode illustrates in a very strikin^^ 

manner the force of friction between a solid 

and fluid, for it was by this force alone, 

^jj^^*^*"" that the water was supported and elevated. 

(/ I The large wheel a, is supposed to stand 

over the well, and 6, a smaller wheel, is 
fixed in the water. The rope is extended 
between the two wheels, and rises on one 
side in a perpendicular direction. On turn- 
ing the wheel by the crank (2, the water is 
brought up by the friction of the rope, and 
falling into a reservoir at the bottom of the 
frame which supports the wheel, is discharged at the spout d. 
It is evident that the motion of the wheel, and consequently 
that of the rope, must be very rapid, in order to raise any con- 
siderable quantity of water by this method. But when the 
upward velocity of the rope is eight or ten feet per second, a 
targe quantity of water may be elevated to a considerable 
height by this machine. 

For the diflferent modes of applying water as a power for 

How may tho prindpfe of Archiinedes' iciew be veadilj iUoitnted 1 Ex- 
plain in wliat manner water b ralaed by the machine vapneented by ftr. 96L 

10* 
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^riring millf^ aad other «mM mnpoMSi we must refer die 
reader to woriLt on jpmelieel meeliaince. There is, howerer, 
one meihod ef lamHif meehiiiery b^ water, inreitted fay Dr 
Birkar, which ia strieUya philosophica], and at the same time 
a iMalciirioiis liiTeiition, and therefore if properly introduced 
here* 

This machine b called Barker's 
cewtrifugaL mUl, and such parts of it 
as are necessary to understand the 
principle on which it acts are rep- 
resented by Bg, 97. 

The upright cylinder a, is a tube 
which has a funnel shaped mouth, 
for the admission of the stream oi 
water from the pipe b. This tube ie 
six or eiffht inches in diameter, and 
may be from ten to twenty feet long. 
The arms n and o, are also tubes 
communicating freely with the up* 
rifl^ht one, from the opposite sides of 
which they proceed. The shaft d^ 
is firmly fastened to the inside of the 
tube, openings at the same time be- 
ing left for the water to pass to Uie 
arms o and n. The lower part of 
the tube is solid, and turns on a point 
resting on the block of stone or iron, c. The arms are Closed ' 
at their ends, near which there are orifices on the sides op- 
posite to each' other, so that the water spouting from them, 
wyi fiy in opposite directions. The stream from the pipe 6, 
is regulated oy a stQpcock, so as to keep the tube a constantly 
fall wiUiout overflowing. ' 

To set this engine in motion, suppose the upriffht tube to 
be filled with water, and the arms n and o, to be given a 
sl^ht impube ; the pressure of the water from the perpendi- 
cular column in the tfl^rre tube will give the fluid a velocity ol 
discharge at the ends of the arms proportionate to its height 
The reaction ihat is produced by the flowing of the water on 
Ae points behind die discfaargpg orifice, will continue, 
and increase the rotatoiy motion thus begun. After a 
hm revofaidons, the machine will receive an addiUonal im- 
pulse by the centriftlgal force generated in the arms, and 
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In conieflttence of dnt, a nroeh more Tiolent and nmd 
«haiK8 of the water takes ptaee^ than would occur by tne wee* 
sure of that in the upriffht tube alone. The centrifu^l force 
and the f(»eee of the disdiaive thus acting at the same time, and 
each increasing the force of the other, mis machine revolves 
with gveat Tefocity and proportionate power. The friction 
which it Jmis. to overcome, woen compared with that of other 
machines, is very slight, being chiefly at the point c, where 
the weight of the upnght tube and its contents is sustained. 

By fixing a cog wheel to the shaft at <i, motion may be 
given to any kind of machinery required. 

Where the quantity of water is small, but its hdght consi- 
derable, this machine may be employed to great advantage, it 
being under sudi circumstances one of the most powerfw en- 
gines ever invented. 



PNEUMATICS. 

The term Pneumatics is derived from the Greek tmeuntUf 
which signifies Ireathj or tdr. It is that science whicn investi- 
gates the mechanical properties. of air, and other elastic fluids. 

Under the article hydraulies^ it was stated that fluids were 
of two kinds, namely, elastic and non-elasticj and that air and 
the ffases belonged to Uie first kind, while water and other 
liquids belonged to the second. 

The atmosphere which surrounds the earth, and in which 
we live, and a portion of which we take into our lungs at eve- 
ry breath, is called atr, while the artificial products which 
possess the same mechanical properties, are called ffoees. 

When, therefore, Ae word air is used, in what follows, it 
will be understood to mean the atmosphere which we breadie. 

Every hollow, crevice, or pore, in solid bodies not filled 
with a liquid, or some other substance, appears to be filled 
with air : thus, a tube of any length, the bore of which is as 
small as it can be made, if kept open, willibe filled with air ; 
and hence, when it is said that a vessel is filled with air, it is 
only meant that the vessel is in its ordinary state. Indeed, this 
fluid finds its way into the most minute pores of all substances, 
and cannot be expelled and kept out of any vessel, without the 
assistance of the air pump, or some other mechanical means. 

What is pneumatics? What is air? Whatisgasl Wliat is meant when 
it IS said that a vessel is filled indth air? Is Ibere any ^Kffintfty in «ipdliiig 
the afar fhimTesseb? 



' 16 PNEUMATICS. 

By the elasticiiy of air« is meant its sprinff* or the force 
with which it re-acts when compressed in a dose vessel. It 
is chiefly in respect to its elasticity and lightness, that the me* 
cha,^ical properties of air differ from those of water and othet 
liquids. 

i^Uastic fluids differ from each other in respect to the per^ 
m4inency of the elastic property. Thus, steam is elastic only 
while its heat is continued, and on cooling returns again to 
the form of water. 

Some of the gases also, on being strongly compressed, lose 
their elasticity, and take theTorm of liquids. But air differs 
from these, in being permanently elastic ; that is, if it be com- 
pressed with ever so much force, and retained under com- 
pression for any length of time, it does not therefore lose its 
elasticity, or disposition to regain its former bulk, but always 
Fig. 98. • re-acts with a force in proportion to Uie power by 
^ which it is compressed. 

Thus, if the strong tube, or barrel, fig. 98, be 
smooth, and equal on the inside, and there be flt^ 
ted to it the solid piston, or plus a, so as to work 
up and down air tight, by the handle b, the air 
in the barrel may be compressed into a space a 
hundred times less than its usual bulk, indeed, 
if the vessel be of sufficient strength, and the 
force employed sufficiently great, its bulk may 
be lessened a thousand times, or in any propor 
tion, according to' the force employed ; and il 
kept in this state for years it will regain its for- 
£ mer bulk the instant the pressure is removed. 
I^ Thus, it is a general principle in pneumatics, thai 
air is compressible in proportion to the force employed. 

On the contrary, when the usuaj pressure of the atmosphere 
is removed from a portion of air, it expands and occupies a 
space larger than before ; and it is found by experiment that 
this expansion is ia a ratio, as the removal of the pressure is 
more or less complete. Air also expands or increases in 
bulk when heated. 

If the stop-cock c, fig. 96, be opened, the piston a may be 
pushed down with ease, because tne air contamedin the barrel 
will lie forced out at the aperture. Suppose the piston to be 

What is meant by the elasticity of air 1 How doM air <fiffcr from ste^ 
andsomeof ihegaBe8,inreBpect toitaelaitiatyl Does an lose its elastic 
face by bding longcompnaaedl In wh«^ «»»nortkin to the force emplo^^J 
is the bulkofair lenened 1 
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pushed down to within an inch of the bottom, and then the 
stop-cock closed, so that no air can enter below it Now, on 
drawing the piston tip to the iop of die barrel, the inch of air 
will expand and fill the whole space, and were this space a 
thousand times as lar^e, it woulu still be filled with the ex- 
panded air, because me piston removes the pressure of the 
external atmosphere from that within the barrel. 

It follows, therefore, that the space which a given portion 
of air occupies, depends entirely on circumstances. If it is 
under pressure, its bulk will be diminished in exact proportion ; 
and as the pressure is removed, it will expand in proportion, 
so as to occupy a thousand, or even a million times as much 
space as before. 

Another property which air possesses is weight, or gravity. 
This property, it is obvious, must be slight, when compared 
with the weight of other bodies. But that air has a certain 
degree of gravity, in common with other ponderous substan- 
ces, is proved by direct experiment. Thus, if the air be 
pumped out of a close vessel, and then the vessel be exactly 
weighed, it will be found to weigh more when the air is again 
admitted. 

It is, however, the weight of the atmosphere which presses 

>on every part of the eartlr s surface, and in which we live and 

move, as in an ocean, that here particularly claims our attention. 

Fig. 99. The pressure of the atmosphere may be easily 

shown by the tube and piston, fig. 99. 

Suppose there is an orifice to be opened or closed 
by the valve 5,^as the piston a is moved up or down 
in its barrel. The valve being fastened by a hin^e 
on one side, on pushing the piston down, it will 
open by the pressure of the air a^inst it, and the 
air will make its escape. But when the piston is 
at the bottom, of the barrel, on attempting to raise 
it again, towards the top, the valve is closed by the 
1^ force of the external air acting upon it. If, there- 
fore, the piston be drawn up in this state, it must be 
against the pressure of the atmosphere, the whole 
weight of wnich* to an extent equal to the diameter 

■ ■ ■ ■ ■ I . - ■■ .■! I .1 1 , r ... I - ■ 1 

In what proportion will a quantity of air increase in balk as the preasure 
ia removed firom ill How ia thif iilurtrated by fig. 98? On what dnom- 
atance, therefore, will the bulk of a ^en portion oif air depend % EEow ia it 
ptDTed that air has weight 1 Etplain in what manner the jneasure of the 
atmosphere is shown by fig. 99. 
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of the piston must be lifted, while there will remain a vacuum 
or void space below it in the tube. If the piston be only three 
inches in diameter, it will require the full strength' of a man 
to draw it to the top of the barrel, and when raised, if suddeii-- 
ly let gOy it will be forced back again by the weight of the 
air, and mil strike the bottom with great violence. 
' Supposing the surface of a man to be equal to 14* square 
feet, and allowing the pressure on each square inch to be 1 Bibs- 
such a man would sustain a pressure on his whole surfacr 
equal to nearly 14 tons. 

Now, that it is the weight of the atmosphere which presses 
the piston down, is proved by the fact, that if its diameter be 
enlarged, a greater force, in exact proportion, will be required 
10 raise it. And further, if when the piston is drawn to the» 
top of the tube, a stop-cock, as at fig. 98, be opened, and 
the air admitted under it, the piston will not be forced 
down in the least, because then the air will press as much on 
the under, as on the upper side of the piston. 

-By accurate experiments, an account of which it is not ne 
cessary here to detail, it is found that the weight of the at 
mosphere on every inch square of the surface of the earth 
is equal to fifteen pounds. If, then, a piston working air tight 
in a barrel, be drawn up from its bottom, the force employed 
besides the friction, will be just equal to that required to lift 
the same piston, under ordinary circumstances, with a weight 
laid on it equal to fifteen pounds for every square inch of sur 
face. 

The number of square inches in the surface of a piston ol 
a foot in diameter, is 113. This being multiplied by the 
weight of the air on each inch,, which being 15 pounds, is 
equal to 1695 pounds. Thus the air constantly presses on 
every surface, which is equal to the dimensions of a circle one 
foot in diameter, with a weight of 1695 pounds. 

Air Pump. 

The air pump is an engine by which the air can be pump- 
ed out of a vessel, or withdrawn from it The vessel so ex 

' ' ■ — ' — 

What is the force 'pressing on the piston when drawn upward, sometunes 
called 1 How is it proved that it is tho weight of the atmosphere, instead ol 
suction, which makes the piston rise with mfficulty 1 What is the pressure oi 
the atmosphere on every square inch of surface on the earth? What is 
the number of square inches in a circle of one foot^ in diameter 1 What is 
the weight of the atmosphere on a surface of a foot in diameter ^ 
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tiausied is called it receiver^ and the space thiu left in the ven* 
Ael, after withdrawing the air, is called a tfacuum* 
, The principles on which the air piunp is constructed are 
readily understood, and are the same in all instruments of thu 
kind, though the form of the instrument itself is often con- 
siderably modified. 

The general principles of its construction will be compre- 
hended by^ an explanation of fig. 100. In this figure let g be 

a glass Tesselt or receiver, closed at 
the top, and open at the bottom, 
standing on a perfectly smooth sur- 
face, which is called ine plate of the 
air pump. Through the plate is an 
aperture a, which communicates with 
the inside of Uie receiver, and the 
barrel of the pump. The piston rod 
^2 p works airtiffht through the stuffed 
collar c, and the piston also moves 
air tight through the barrel. At the 
extremity ot the barrel there is a 
L Jk ▼i^l^c ^) which opens outwards, and 
^/ ^ is closed^ with a sprin|;. 
Now suppose the piston to be drawn up to c, it will then 
leave a free communication betrveen the receiver g, through 
the orifice a, to the pump barfel, in which the piston works. 
Then if the piston be forced down by its handle, it will com- 
press the air in the barrel between d and e, and in consequence 
the valve e will be opened, and the air so condensed will be 
forced out. Oa drawing the piston up again, the valve will be 
closed, and the extern^ air not being permitted to enter, a 
vacuum will be formed in the barrel, from e to a little above d. 
When the piston comes again to C, the air contained in the 
glass vessel, together witli that in the passage between the 
vessel and the pump barrel, will rush in to fill the vacuum. 
Thud, tliere will be less air in the whole space, and conse- 
quently in the receiver, than at first, because all that contain- 
ed in the barrel is forced out at every stroke of the piston. 




What is the air pumpl What is the recover of an air pump 1 Wliat is 
a vacuum'? In fig. 100, which is the receiver of the ur pomp 1 When the 
piston is pressed down, what quantity of air is thrown out 1 When the pis- 
ton is drawn up, what is formed in the barrel ? How is thb vacuum again 
filled with air T 
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Onrepeattngthe same proeeM, that b, dnvring up and foruDg 
down the plslont the sii* at each time in the recover, will be* 
(UHnc leaa and leas in quanti^, and, m coiuemience, more and 
aore larefied. For it nraat be understood, that although the 
ak ia exhawted at every strolte of the pump, tliat which re- 
main*, byjta elaaticity expands, and still occupies the whole 
apace. The qnantitv forced out at each succesaire stroke is, 
therefore, dinnniahed, until, at last, it no longer has sufficient 
iiiree belan the piston to open the r^ve, when the exhausting 
power of the instminent roust cease entirely. 

Now, it win be obvioua, that as the exhausting power of the 
.air pvmp depends on die expansion of the air within it, a per- 
fect raeBmo can nerer be lunned by its means, for so long as 
cxhaoatioB lake* place, there most be av to be forced out, and 
wben (his beewnes so rare as not to force open the T^ves, 
then llw process most end. 

A rood air Munp haa two similar pumping barreb to that 
deacnbed, ao that the [HitcesB of eihaustion is performed in 
lM]f the time that it eoold be performed by one barrel. 

Fig- Wl- The barrels, with then- 

pinions, and the usual mode 
of i^'orking them, are re- 
presented by fig. 101. The 
piston rods are (umished 
u'iili racks, or teeth, and 
are worked by the toothed 
M'h<?e] a, which is turned 
backwards and forwards, 
br iJie lerer and handle b. 
The exhaustion pipe, c, 
lends to the plate on which 
the receiver itands, as 
shown in fig. 100. The 
valves V, n, u, and m, all 
open upwards. 

To understand how these 

pistons act to exhaust the 

igh the pipe e, we will 

now Ftand, the handle b is 




air from the vpsaul on the plat . 
suppose, that aa the two pistor 



U the sir pomp capable of pmdodiig m ferret t 
IMO kit ponqisliwe nun than one bamluid piitn 
of kh sir ptm^ iroiked I 
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to be iui ned towards the lefL This will raise ihe piston Af while 
the valve u will be closed by the pressure of tne external air 
acting on it in the open barrel in which it works. There 
would then be a vacunm formed in this barrel, did not the 
valve m open and let in the air coming from the receiver 
through the pipe c. When the piston, therefore, is at the up- 
per end of ^e barrel, the space between the piston and the 
valve m, will be filled mth the air from the receiver. Next 
suppose the handle to be moved to the right, the piston A 
will th^i descend, and compress the air with which the barrel 
is filled, wiiich, acting aj^inst the valve if, forces it open, and 
thiB die air escapes. Thus it is plain, that every time ^ 
piston rises, a portion of air, however rarefied^ en tors the bar* 
rel, and every time that it descends, this portion escapes, and 
mixes witk the external atmosphere. 

The actimi of tli^ other piston is exactly simiJar to diis, 
onhr diat B rises while A fiifls, and so the contrary. It will 
appear, on an inspection of the figure, that the air cannot pass 
from one barrel to the other, for while A is rising, ano tlte 
▼aire m is open, the piston B will be deaeending^ so thai ihe 
force cyf the air in the barrel H, will keep the valve n closed 
Mmmbt interestinff and curious experiments, illustrating the 
expenMlHlity and pressure of the atmoq^Kxe, m lA^fwn by 
this iostrument. 

If a withered apple be {4aeed under the receiver, and fhr 
air ^ exhausted, the apple will swell and became ^Amuf^ k$ 
consequence of the cxpamaon of the air whieb it cootainff 
witLinilie skin. 

EAer pheed in the same situation, soon begins i& IkmI witli' 
out ibe r A a ea ce of beat, bf c juwp, its particies^ Boi-bavine tke 
pres&r;^ of ilie alzo-Dspliae to finee tbeoi togedier^ ikrimwMt 
so jss!xh TS^uSsT as t9 produce ctwrffjlioa. 



TW f^pesmaamcfdtt fwm i emtrr is the igTene of tikrt »f dbe 
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u we have iuet eeen, will deprive a vessel of its ordinaiy 
qiiantity of air: The condenser, on the contrary, will double, 
Fig. 109. or treble the ordinary quantity of air in a close 
vessel, according to the force employed. 

This instrument, fig. 10S2, consists of a pump 

barrel and piston a, a stop-cock 5, and the vessel 

c furnished with a valve opening inwards. The 

orifice d is to admit the air, when the piston is 

d^ drawn up to the top of the barrel. 

To describe its action, let the piston be above 
d, the orifice being open, and therefore the instru- 
ment filled with air, of the same density as the 
external atmosphere. Then, on forcing the piston 
down, the air in the pump barrel, below the ori- 
fice dy will be compressed, and will rush through 
the stop-cock h, into the vessel c, where it will be 
retained, because, on affain moving the piston up- 
ward, tlie elasticity of the air will close the valve 
through which it was forced. On drawing the 
piston up again, another portion of air will rush in 
at the orifice d, ana on forcing it down, this will also be dri- 
ven into the vessel c ; and this process* may be continued as 
long as sufficient force is applied to move the piston, or there 
is sufficient strength in the vessel to retain the air. When the 
condensation is finished, the stop-cock b may be turned, to 
render the confinement of the air more secure. 

The magazines of air euns are filled in the manner above 
described. The air gun is shaped like other guns, but instead 
of the force of powder, that of air is employed to project the 
bullet For this purpose, a strong hollow ball of copper, with 
a valve on the inside, is screwed to a condenser, and the air 
is condensed in it, thirty or forty times. This ball or maga- 
zine is then taken from the condenser, and screwed to the 
ffun, under the lock. By means of the lock, a communication 
IS opened between the magazine and the inside of the gun- 
barrel, on which the sprin? of the confined air against the 
leaden bidlet is such, as to throw it with nearly the same force 
as gun-powder. 



Explain f^, 103, tnd shofwhtwhitinaaner the air is condensed. Kxplahi 
the pnmaple of the »ir con. 
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^- 103. Barometer. 

Suppose a, fig. 103, to be a lon^ tube with the 
C ptston 5, so nicely fitted to its inside, as to work 
air tight If the lower end of the tube be dip- 
ped into water, and the piston drawn up b^ pm« 
ling at the handle c, the water will follow the 
piston so closely as to be in conttict with its sur- 
face, and apparently to be drawn up by the pis- 
it ton, as though the whole was one solid body. 
If the tube be thirty-five feet long, the water 
will continue to follow the piston, until it comes 
to the lieight of about thirty-three feet, where it 
will stop, and if the piston be drawn up still far- 
ther the water will not follow it, but will remain 
stationary, the space from this height, between 
the piston and the water, being left a void space, 
or vacuum. 

The rising of the water in the above case, 
which only involves the principle of the common 
pump, is tnought by some to be caused hy suctioUf 
the piston sucking up the water as it is drawn 
upward. But according to the common notion 
attached to this term, there is no reason why the 
water should not continue to rise above the thirty-three feet, or 
why the power of suction should cease at that point, rather 
than at any other. Without entering into any discussion On 
the absurd notions concerning the power of suction, it is sufii- 
eient^ere to state, that it has long since been proved, that the 
elevation of the water in the case above described, depends 
entirely on the weight and pressure of the atmosphere, on that 
portion of the fiuid which is on the outside of the tube. Hence, 
when the piston is drawn up, under circumstances where the 
^ir cannot act on the water around the tube, or pump barrel, 
no elevation of the fluid will follow. This will be obvious, 
by the foUowing experiment. 

' " " ' ™ ■ " ■ ' I I —■■■■■ I 11 111 I II ■■■111— , ■ — ,. , I.^ W ■ ■■ II ■ I 1 -^ — 

Suppose the tube, fig. 103, to sUnd with its lower end in the water, and tho 
piston a to be drawn upward thirty five &et, how &r will the water follow the 
pliton 1 What will remaiA in the tube between tiiejpiston and the wat», 
afler the piston rises higher than thirty-three feet ? What is commonly sop* 
posed to make the water rise in such cases? Is there any reason why tM 
suction should cease at 33 feet 1 What is the true cause of (he elevation of 
the water, when the piston, fig. 103, is drawn up? 
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FV Iti l. Suppose fig. 104, to be iKe aectiuiu, or hUres o( 
two tubes, one wilhin the other, the outer ooe be- 
ing made entirely dose, ao aq to admit no vr, and 
the space between the two being alao made air'tisht 
■t the lop. SnpjHtee, alao, that the inner tube be- 
ing left open at the lower end, doea not reach the 
bottom of the outer tube, and thus that an open space 
be left between the two tubes every where, except 
at their upper ends, where they are faatened toge- 
ther ; and suppoae that there is a valve in the piston, 
opening' upwards, so as to let the air which it con- 
tains, escape, but which will close on drawing the 
piston upwards. Now let the piston be at a, and 
in this slate pour water through the stop cock, c, . 
until the inner tul>e is filled up by the piston, and the 
J 2 'pace between the two tubes filled up to the same 
[Mint, and then let the stopcock be closed. If now 
the piston be drawn up to the top of the tube, the 
water will not follow it, as in the case tirst describ- 
ed ; it will only rise a few inches, in consequenee 
of the elaalicity of the air above the water, between 
the tubes, and in the space above the water, there 
• will be formed a vacuum between the water and 
> " thepiston, in the inner tube. 

I The reason ivhy the result of this experiment 
differs from that before described, is, that the outer lube pre- , 
vents the pressure of the atmosphere from forcing the water up 
the inner tubeaa the piston rises. This may be uistanlly proved, 
by opening the stop-cock c, and permitiing the air to press up- ' 
on tne water, when it will be found, tliat as the air rushes Jn, 
the water will rise and fill the vacuum, up to the piston. 

For the same reason, if a conunon pump t« j^ced in a 
cistern of water, and ihe water is frozen over on the surface, 
■o that no air can press upon the fluid, the piston of the punm 
might be worked in vain, for the watra" would not, as usual, 
obey its motion. 

It followB, as a certain conclusion from such experiments, 
dttt when the lower end of s tube is placed in water, and 
dw air from within is removed by drawing up the piston, thnt 



a the pump twnd 1 Suppose tho io . 
[ on the water in • rend, am the vrati 



BAROMETER. 



1S6 



It i^ thc^ pressure of the atmosphere, on the wtter around the 
tube, which forces the fluid up to fill the space, thus left by the 
air. It is also proved, that the weight, or pressure of the atmos- 
phere, is equal to the weight of a perpendicular column of water 
33 feet high, for it is found (fig. 103,) that the pressure of the 
atmosphere will not raise the water more than 33 feet, though 
a perfect vacuum be formed to any height above this point. 
Experiments on other fluids, prove that this is the weight of 
the atmosphere, for if the end of a tube be dipped in any fluid, 
and the air be removed from the tube, above the fluid, it will 
ris^ to a greater or less height, than water, in proportion as 
its specific gravity Is less or greater than that of water. 

Mercury^ or quicksilver, has a specific gravity of about 131 
times greater than that of water, and mercury is found to rise 
about 29 inches in a tube under the same circumstances that 
water ris.es 33 feet Now 33 feet is 396 inches, which, being 
divided by 29^ gives nearly 131, so that mercury being l£ 
times heavier tmm water, the water will rise' under the same 
pressure 134 times higher than the mercury. 

Barometer. 
Thpbarometer is constructed on the principle of atmospheric 
pressure, which we have thus endeavoured to 
explain and illustrate to common comprehen- 
sion. This term is compounded of two Greek 
words, 6aro5, weight, and metrout measure, the 
instrument being designed to measure the 
weight of the atmosphere. 

Its construction is simple, and easily under- 
stood, being merely a tube of glass nearly fill- 
ed with mercury, with its lower end placed in 
a dish of the same fluid, and th^ upper end 
furnished with a scale, to measure the height 
of the mercury. 

Let a, fig. 106, be such a tube, 34 or 35 
inches long, closed at one end and open at the 
other. To fill the tube, set it upright, rand 
pour the mercury in at the open end, and 
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What conclusion Mows from the experiments above described 1 How b 
iC proved, that the pressure of the atmosphere is equal to the weight of a 
column of water, 33 feet high 1 How do exoeriments on other fluids show 
diat the px^sure of Ihe atmosphere is equal to the vmght of a column of 
water 33 feet hkh 1 How hign does mercury rise in an exhausted tabel 
What is the prmcipJe on which the barometer is constnicted 1 What does 



prmcipje 
the barometer measure 1 
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when it ii entirely (Mf place the fore finger forcibly on thi« 
md, and tlien plunge the tube and finger under the surfece 
of the mercury, before prepared in the cup b. Then with- 
draw the finger, taking care that in doing this, the end of the 
tube is not raised above the mercury in the cup. When the 
finger is removed, the mercury will descend four or five inch- 
es, and after several vibrations, up and down, will rest at ap 
elevation of 29 or 30 inches above the surface of that in the 
ciq>, as at c. Having fixed a scale to the upper part of the 
tube to indicate the nse and fall of the mercury, the barome- 
ter would be finished, if intended to remain stationary. It is 
usual, however, to have the tube inclosed in a mahogany oi 
brass case, to prevent its breaking, and to have the cup closed 
on the top, and fastened to the tube, so that it can be trans 
ported without danger of spilling the mercury. 

The cup of the portable barometer also differs from that 
described, for were the mercury inclosed on all sides, in a 
cupof wpod, or brass, the air would be prevented from actirig 
upon it, and therefore the instrument would be useless. To 
remedy this defect, and still have the mercury perfectly in- 
doaed, the bottom of the cup is made of leather, which, be- 
ing elastic, the pressure of the atmosphere acts upon the mer- 
cury in the same manner as though it was not inclosed at all 
Below the leather bottom- there is a round plate of metal an 
inch in diameter, which is fixed on the top of a screw, so 
that when the instrument is to be transported, by elevating 
this piece of metal, the mercury is thrown up to the top ol 
the tube and thus kept from playing backwards and fonvards, 
when the barometer is in motion. 

A person not acquainted with the principle of the instru- 
ment, on seeing the tube turned bottom upwards, will be per- 
plexed to understand why the mercury does not follow the 
common law of gravity, and descend into the cup ; were the 
tube of gl«ss 33 leet high, and filled with water, the lower end 
being dipped into a tumbler- of the same fluid, the wonder 
would be still greater. But as philosophical facts, one is no 
more wonderful than the other, and both are readily explained 
by the principles above illustrated. 
'■■■■■« I I » ■ 1 1 1. I ^ 111 I ." 

D69cr^ the oonstTUction of the barometer, as represented by fig. 105. 
How 3g the cup of the portable barometer made, so as to retain the mercmy, 
and atili aUow the air to press upon it ? What is the use of the metallic 
litate and screw, imd« the bottomof the cup 1 Explom the reason why the mer- 
cury does not fall out of the barometer tube, vhen its open end is downwards^ 
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It has already been shown, that it is the pressure of the 
atmosphere on the flnid around the tube, by which the ^d 
wi^n it is forced upward, when the pump is exhausted of 
its air. The pressure of the air we have also seen, is equal 
to a column or water 33 feet high, or of a column of mercury 
29 inches high. Suppose, then, a tube 33 feet high is filled 
with water, the air would then be entirely excluded, and were 
one of its ends closed, and the other end dipped in water, the 
effect would be the same as though both ends were closed, 
for the water would not escape, unless the air were permitted 
to rush in and fill up its place. The upper end being closed, 
the air could ^ain no access in that direction, and the open 
end being under water, is equally secure. The quantity of 
Avater in which the end of the tube is placed, is not essential, 
since the pressure of a column of water an inch in diameter, 
provided it be 33 feet high, is just equal to a column of air of 
an inch in diameter, of the wnole height of the atmosphere. 
Hence the water on the outside of the tube serves merely to 
guard against the entrance of the external air. 

The same happens to the barometer tube, when filled with 
mercury. The mercury, in the first place, fills the tube per- 
fectly, and therefore entirely excludes the air, so that when it 
is inverted in the cup, all the space above 29 inches is left a 
vacuum. The same effect precisely Would be produced, were 
the tube exhausted of its air, and the open end placed in the 
cup ; the mercury would run up the tube 29 inches, and then 
stop, all above that point being left a vacuum. 

The mercury, therefore, is prevented from falling out of the 
tube, by the pressure of the atmosphere on that which remains 
in the cup ; for if this be removed, the air will enter, while 
the mercury will instantly begin to descend. 

In the barometer described, the rise and fall of the* mercury 
is indicated by a scale of inches and tenths of inches, fixed 
behind the tube ; but it has been found, that very slight vari-: 
ations in the density of the atmosphere, are not readily per- 
ceived by this method. It being, however, desirable thai 
these minute changes should be rendered more obvious, a con- 
trivance for increasing the scale, called the wheel barometer 
was invented. 



Whaf. /ills the space above 29 inches/ in the baroiDieter tube 1 In the com- 
mon bar )meter how is the rise and fitU of the meicmy iodicated 1 YHiy was 
the wheel barometer Lnyented 1 
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Fig. 106 The whole length of the tube of the wheel ba^ 

rometer, fig. 106, from c to a, is 34 or 35 inches* 
and it is Sued with mercury, as usual. The mer- 
ciury rises in the short leg to the point o, where 
there is a small piece of ^ass floating on its sur^ 
face, to which there is attached a silk stringy 
passing over the pulley p. To the axis of the 
pulley is fixed an index, or hand, and behind 
this is a graduated circle, as seen in the figure. 
It is obvious, that a very slight variation in the 
height of the mercury at o, will be indicated by 
a considerable motion of the index, and thuil 
changes in the weight of the atmosphere hard!/ 
perceptible by the common barometer, will be-t 
come quite apparent by this. . 

The mercury in the barometer tube being siis-* 
tained by the pressure of the atmosphere, and 
its medium altitude at the surface of the earth 
being about 29 inches, it might be expected that 
if the instrument was carried to a height from 
the earth's surface, the mercury would suffer a proportionate 
fall, because the pressure must be less, at a distance from the 
earth than at its surface, and experiment proves this to be 
the case. When, therefore, this instrument is elevated to any 
considerable height, the descent of the mercury becomes per 
ceptible. Even when it is carried to the top of a hill, or niffh 
tower, there is a sensible depression of the fluid, so that tne 
barometer is employed to measure the heights of mountains, 
and the elevation to which balloons ascend from the surface 
of the earth. On the top of Mont Blanc, which is about 
16000 feet above the level of the sea, the medium elevation o£ 
the mercury in the tube is only 14 inches, while on the sur- 
face of the earth, as above stated, it is 29 inches. 

The medium range of the barometer in several countries, 
has generally been stated to be about 29 inches. It appears, 
however, from observations made at Cambridge, in Massachu- 
setts, for the term of 22 years, that its range there was nearly 
30 inches. 

Explain fig. 106, and describe the construction of the Wheel barometer. 
What 18 stated to be the me^um range of the barometer at the sur&oe of 
the earth 1 Suppose the instrument is devated from the earth, what is the 
effect on the meroury 1 How does the barometer indcate the h^hts ot 
moiiutains 1 What is the medium range of the meicuiy en Mont Blanc 7 
What is stated to be the mediiun range of the barometer at Cambridgel 
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While the barometer stands in the same place, near the leve. 
of the sea, the mercury seldom or never falls below 28 inches, 
or rises above 31 inches, its whole range, while stationar}', 
being only about 3 inches. 

These changes in the weight of the atmosphere, indicate 
corresponding changes in the weather, for it is found, by watch- 
ing these variations in the height of the mercury, that when 
it falls, cloudy or falling weather ensues, and mat when it 
rises line clear weather may be expected. During the time 
when the weather is damp and lowering, and the smoke of 
chimnies descends towards the ground, the mercury remains 
depressed, indicating that the weight of the atmosphere during 
such weather is less than it is wnen the sky is clear. This 
contradicts the common opinion, that the air is the heaviest 
when it contains the greatest quantity of fo^ and smoke, and 
that it is the uncommon weight of the atmosphere which press- 
es these vapours towards the ground. A little consideration 
\vill show, that in this case the popular belief is erroneous, for 
not only the barometer, but all the experiments we have de- 
tailed on the subject of specific gravity, tend to show that the 
lighter any fluid is, the deeper any substance of a given weight 
will sink in it. Common observation ought, therefore, to cor- 
rect the error, for every body knows that a heavy body will 
sink in water while a light one will swim, and by the same 
kind of reasoning ouffht to consider, that the particles of va- 
por would descend through a light atmosphere, while they 
w^ould be pressed up into me higher regions, by a heavier air. 

The principal use of the barometer is on board of ships, 
where it is employed to Indicate the approach of storms, and 
thus to give an opportunity of preparing accordingly ; and it 
is found that the mercury suffers a most remarkable depression 
before the approach of violent winds, or hurricanes. The 
watchful captain, particularly in southern latitudes, is always 
attentive to this monitor, and when he observes the mercury to 
sink suddenly, takes his measures without delay to meet the 
tempest. During a violent storm, we have seen the wheel 
barometer sink a hundred degrees in a few Jiours. But we 

How many inches does a fixed barometer vary in height *? When the 
mercury falla, what kind of weather is indicated 1 When the mercuiy rises, 
what kind of weather may be expected *? When fog and smoke descend 
towojds the ground, is it a sign of a ii^ht or heavy atmosphere? By what 
analogy is it shown that the air is hffhtest when filled with vapour 1 Ot 
what use is the barometer, on board of ships 1 When docs the mercury 
sufifer the most remarkable dejiression 1 
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cannot illust/ate the use of this instrument at sea better than 
to give the following extract from Dr. Arnot, who wfti? himself 
present at the time. ** It was," he says, *' in a southern lati- 
tude. The sun had just set with a placid appearance, closinjo 
a beautiful aAemoon, and the usual nnrth of tiie evening watcli 
proceeded, when the captain's orders came to prepare with 
all haste for a storm. The barometer had begim to fall with 
appalling rapidity. As yet, the oldest sailors had not per- 
ceived even a threatening in the sky, and were surprised at 
the extent, and hurry of the preparations ; but the required 
measures were not completed, wnen a more awful hurricane 
burst upon them, than the most experienced had ever braved. 
Nothing could withstand it ; the sails already furled, and close- 
ly bound to the yards, were riven into tatters ; even the bare 
yards and masts were in a ?reat measure disabled ; and at 
one time the whole rigging nad nearly fallen by the board. 
Such, for a few hours, was the mingled roar of the hurricane 
above, of the waves around, and the incessant peals of thun- 
der, that no human voice could be heard, and amidst the gen- 
eral consternation, even the trumpet sounded in vain. On 
that awful night, but for a little tube of mercury, which had 

S'ven the warning, neither tHe strength of the noble ship, nor 
e skill and energies of her commander, could have saved 
one man to tell the tale." 

Pumps. 

There is a philosophical experiment, of which no one. in 
this country is ignorant If one end of a straw be introduced 
into a barrel of cider, and the other end sucked with the 
mouth, the cider will rise up through the straw, and may be 
swallowed. 

The principles which this experiment involve, are exactly 
the same as those concerned in raising water by the pump 
The barrel of cider answers to the well, the straw to the pump 
log, and the mouth acts as the piston, by which the air is re 
moved. 

The efficacy of the common pump, in raising water, de 
pends ypon the principle of atmospheric pressure, which 
nati been fully Ulustrated under the articles air pump and ba- 
rometer. ^ 

' What remarkable instance b stated, where a ship seemed to be saved by 
the use of the barometer 1 What experiment Is stated, as illustrating th« 
' principle of the common pomp 1 
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These machines are of three kinds, namely, the sucking* 
r cotmnon pump, the lifting pump, and itie forcing pump. 

F^ 107 these, the eommon or household 

*Tg- W'- r pump is the most in use, and for ordinary 

purposes, the most convenient. It consists 
of a lon^tube, or ban-el, called the pump 
log, which reaches from a few feet above 
the ground to near the bottom of the we]]. 
At a, fiff. 107, is a ^'alve, opening upwards, 
called the pump box. When the pump is 
not in action, this is always shut. The 
piston bf has an aperture through it, which 
IS closed by a valve, also opening upwards. 
By the pupil who has learned what has 
been explained under the articles air 
pump, and barometer, the action of this 
machine will be readily understood. 

Suppose the .piston h to be down to u, 
then on depressing the lever c, a vacuum 
would be tormed between a and 5, did 
not the water in the well rise, in consequence of the pressure 
of the atmosphere on that around the pump log in the well, 
and take the place of the air thus removed. Then on raising 
the end of the lever, the valve a closes, because the water is 
forced upon it, in consequence of the descent of the piston, 
and at tlie same time the valve in the piston b opens, and the 
water, which cannot descend, now passes above the vah e b. 
Next, on raising the piston, by again depressing the lever, this 
portion of water is lifted up to b, or a little above it, while an- 
other portion rushes through the valve a to fill its place. 
After a few strokes of the lever, the space from the piston b 
to the spout is filled with the water, wnere, on continuing to 
work the lever, it is discharged in a constant stream. 

Although, in common language, this is called the suction 
pump, still it will be observed, that the water is elevated by 
suction, or in more philosophical terms, by atmospheric pres- 
sure only above the valve a, after which it is raised by lifting 

«— ' ■ ■ 

On what does the action of the common pump depend 1 How many kinds 
of pumps are mentioned 1 Which kind is the common 1 Describe the com> 
ruon pump. Explain how the common pump acts. When the lever is de* 
pressed, what takes place in the pump barrel \ When the leyer is eleva^l, 
what takes plaoe 1 How (ar is the water raised by atmospheric pr(4sure, 
And how fiur by fif^ing 1 



up to the 



therefore, is pressed into II i« 



piimp barrel by the atmosphere, an^ thrown out by lifling. 

The lifting pump, properly bo caUed, has the piston in tl 
lowerend or the barrel, and ralaes the water through the whole 
distance, by forcing it upward without the agency of the s' - 
moephere. 

In the sucUon pump, the pressure of the atmosphere will 
raise the water 33 or 34 feet, and no more, after which it may 
be lifted to any height required. 

The forcing pump differs from both these, in having its pis- 
ton sohd, or without a valfe, and also in having a side pipe, 
through which the water is forced, instead of rising in a per- 

.;__.!,_ J' ■__ __ .jj ()|g ot[,g,^_ 

The forcing pumpis represent- 
ed by fig. l(to, wliere a is a solid 
piston, working air-tight in its 
barrel. The tube c leads from 
the barrel of the air vessel d. 
Through the pipe p the water is 
thrown into the open ai" ~ " - 



ccrlained. Tlirough the pipe (, 
the water ascends into the barrel, 
its upper end being furnished 
with a valve opening upwards. 
To explain the action of tliis 
' pump, suppose the piston to be 
down to the bottom of the barrel, 
• and then to be raised upward by 
the lever Z; the tendencj' toform 
a vacuum in (he barrel Will brin£ 
the water up through the pipe i, 
by the pressure of the atmos- 
pnere. Then on depressing the 
piston, the valve at the bottom of the barrel will be closei^ and 
the water, not finding admittance through the pipe whence it 
csme, will be forced through the pipe c, and opening the valve 

How doea the lifting pump difler fnHn the common pomp'! How doss 
the forcing pump (JifTer fraiu (he common pump 7 Eiplninfig. IDS, andshoir 
in wha; maiuier the water is bronght up through Ihc pipe i, snJ nftOTB-ank 
thrown out U tbp pipe p. 
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fttito mper ead, wiD enter into die «r Yevel d^ mad be £s- 
^urgea tliimigh die pipe «» into the open air. 

The «ater is theRtore elevated to the piaU^ hnvd fay dw 
pressure of the atmcMphere, and aftCTwards thrown out hy the 
force of the piston. It is obTioos that hy this anangcmmt, 
the height to which this doid may be thrown, wiD depend on 
the power af^died to the lever, aniLthe strength willi which 
the pump is made. // 

The air veasei d contains air in fls nppcrpart only , the 
lower part, as we have already seen, being filled with water. 
The lapepi, called die ^ scha r g in g pqie, paases down into die 
water so that the air cannot esc^ie. The air is dicrefae 
compressed, as the water is tareed into the lower pait of die 
resnl, and re-acting opon the dnid hy its riasdcitv, throws it 
out of die |Npe in a continned stream. The c o n stant stream 
which is emitted from the Erection pine of die Ibe engine is 
entirely owing to die com pir wiitm and efaal i c itj of die air in 
itsairTcsseL In pnmpswiihiint sncharesKi, as diewaterk 
forced upnaiifa , onhr while the piston is actinc apon it, there 
most be an inlcnnqition o€ the stream while Ae pifton is as- 
cenifing, as in die cammon pmcp. The air r eaiel is a reme- 
dy for Ibis defect, and is found also to render die labonr t4 
drawing die water more earr, bccanie die fiiroe with which 
the airm the Tessd ads on die water, is alwaji in ad£lion to 
«hat given hy die fiDree of die y»sum^ 

'f%.10L The fcrgiigincisa m odifc r a> 

f tioa of die wtiai^ pnnxp. K 

consists of two sneh pomps, die 
of which age mt^ed br 




mop fidcmm being at c, fig. 109L 
W&le the piston tf is descend- 
ing, the odier jnston £, isascend- 
ing. The water is Ibrced by 
the pfceenre of the atmoqihere. 
dmm^ the common pipe ft, and^ 
dien divifing, ascends into the 
woridbi^ faarrcls of each piston, 
where me valrei^ on bolhfldes, 
pierentitsretBni. Rydie^ier 
nate depression of the pktons, 
it is dben forced into the air box 
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d» and then by the ibetdsm pipe e, b tlurown where it k want* 

edL This madune acts preciaelj^ like the forcing pump* only 

that its power is donUed by haTin^ two pistons instead of one. 

F^. 110* There is a b^ntifal fountain, called 

ihe fountain of Hiero, which acts by 
the ebstidty of the air, and on the 
same principle as that already descri- 
bed* Its construction will be under- 
stood by fig. 1 10, but its form may be 
varied according to the dictates of 
fancy or taste. The boxes a and fr, 
together with the two tubes, are made 
air tight, and strong, in proportion to 
the height it is desired the fountain 
should play. 

To prepare the fountain for action, 
fill the box a, through the spouting 
tube, nearly full of water. The tube c, 
reaching nearly to the top of the box, 
will prevent the water from passing 
downwards, while the spouting pipe 
will prevent tlie air from escaping up- 
waros, after the vessel is about half 
filled v^th water. Next shut the stop cock, of the sauting 
pipe, and pour water into the open vessel d. This will des- 
cend into tne vessel 5, through the tube e, which nearly reaches 
its bottom, so that after a few inches of water are poured in, 
no air can escape except by the tube c, up into the vessel a. 
TTie air will then be compressed by the weiffht of the column 
of water in t^e tube e, and therefore the force of the watei 
from the jet pipe will be in proportion to the height of this 
tube. If this tube is 20 or 30 feet high, on turning the stc p cock, 
a jet of water will spout from the pipe that will amuse and as- 
tonish those who have never before seen such an experiment. 
[For other properties of atr, set Chemistry,^ 

ACOUSTICS. 

Acoustics is that branch of natural philosophy which treats 
of the origin, propagation, and effects of sound. 

What effect does the air vessel have on the stream discharged 1 Why does 
Ihe air vessel render the labour of raising the vrater more easy 1 Explain Sg. 
100, and describe the action of the fire engine. What causes the continued 
itMam flxMn the dirpctionpipe of thk emchiel Howis tb«* fiiuntain of Hieio 

OOMtlUCled 1 r-i- -^ 
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WhbTi a sonorous, or sounding body is struck, it is thrown 
into a tremulous, or vibrating motion. This motion is com- 
municated to the air which surrounds us, and by the air is con- 
veyed to our car drums, which also undergo a vibratory mo- 
tion, and this last motion, throwing the ' auditory nerves into 
action, we thereby gain the sensation of sound. 

If any sounding body of considerable size, is suspended in 
the air and struck, this tremulous motion is distinctly visible 
to the eye, and while the eye perceives its motion, the ear per- 
ceives the sound. 

That sound is conveyed to the ear by the motion which the 
sounding body communicates to the air, is proved by an inter- 
esting experiment with the air pump. Among philosophical 
instruments, there is a small bell, the hammer of which is 
moved by a spring connected with clock-work, and which is 
made expressly for this experiment. 

If this instrument be wound up, and placed under the re- 
ceiver of an air ])ump, the sound of the bell may at first be 
heard to a considerable distance, but as the air is exhausted, 
it becomes less and less audible, until no longer to be heard, 
the strokes of the hammer, though seen by the eye, producing 
no effect upon the ear. Upon allowing the air to return gra£ 
ually, a faint sound is at first heard, which becomes louder 
and louder, until as much air is admitti'd, as was withdrawn. 

On the contrary, when the air is more dense than ordinary, 
or when a greater quantity is contained in a vessel, than m 
the same space in the open air, the effect of sound on the ear 
is increased. This is illustrated by the use of the diving belL 

The diving bell is a large vessel, open at the bottom, unde^ 
which men descend to the beds of rivers, for the purpose oi 
obtaining articles from the wrecks of vessels. \Vhen this 
machine is sunk to any considerable depth, the water above, 
by its pressure, condenses the air under it with great force. 
In this situation, a whisper is as loud as a common voice in 
the open air, and an ordinary voice becomes painful to the ear. 

Again, on the tops of high mountains, where the pressure, 
or density of the air is much less than on the surface of the 
earth, the- report of a pistol is heard only a few rods, and the 

On what will the height of the jet from Hiero's fountain depend 1 What 
is acoustics ? When a aonorous body is struck within hearing, in what man- 
ner do we gain from it the sensation of sound 1 How is it proved, that sound 
is conveyed to the ear by the medium of the air 1 When the air is moro 
dense than ordinary, how does it aflfeet sound 1 
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Imiiui Toioe is sa weak u to be inaudible al ordinary din 



Thus; the atmosphere which surromidfl us, is the mediun. 
hy which sounds are conreyed to our ears, and to its vibra- 
tions we are indebted for the sense of hearing, as well as to 
all we enjoy from the charms of music 

The atmosphere, though the most common, is not, however," 
the only, or the best conductor of sound. Solid bodies cond uct 
sound better than elastic fluids. Hence, if a person lay his 
ear on a long stick of timber, the scratch of a pin may be heard 
from the oUier end, which could not be perceived through 
the air. 

The earth conducts loud rumbling sounds made below its 
surface to great distances. Thus, it is said, that in countries 
where volcanoes exist, the rumbling noise which generally 
precedes an eruption, is heard first by the beasts of the field, 
because their ears are commonly near the ground, and that 
by their agitation and alarm, they give ^ming of its ap< 
proach to me inhabitants. 

The Indians of our country will discover the approach of 
horses or men, by laying their ears on the ground, when they 
are at such distances as not to be heard in any other manner. 

Sound is propagated through the air at the rate of 1 142 feet 
in a second of time. When compared with the velocity of 
li^ht, it therefore mo*/es but slowly. Any one may be con- 
vmced of 4his by watching the discharge of cannon at a dis- 
tance. The flasn is seen apparently at me instant the gunner 
touches fire to the powder ; the whizzing of the ball, if the 
ear is in its direction, is next heard, and lastly, the report 

Solid substances convey sounds with greater velocity than 
air, as is proved by the following experiment, lately made at 
Paris, by M. Biot. 

At the extremity of a cylindrical tube, upwards of 3000 
feet long, a ring of metal was placed, of the same diameter 
as the aperture of the tube ; and in the centre of this ring, in 
the mouth of the tube, was suspended a clock bell and nam' 
mer. The hammer was made tc strike the ring and the bell 
at the same instant, so that the sound of the nng would be 

What is mid of the efl^ecta of sound on the tops of high mountains'? Which 
Sie the best eonducton of soimd, soUd or elasdc suhSanoes 1 What is said 
of the eaith as a conductor of sounds 1 How is it said that the Indians 
di s eoivief tiie approach of hones 1 How fiist does sound pass through tlie air 7 
Which convey soandBwithtfaegreatestveloGtty, aoGd substances, or air 1 
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transmitted to the remote end of the tnbse* through the con- 
ductins power of the tube itself, while the sound of the bell 
.would De transmitted through the medium of Uie air inclosed 
in the tube. The ear being then placed at the remote end of 
the tube, the sound of the ring, transmitted by the metal of 
tlic tube, was first heart! distinctly, and after a short interval 
had elapsed, the sound of the bell, transmitted l^y the air in 
the tube, was heard. The result of several experiments was, 
Ihat the metal conducted the sound at the rate of about 11,866 
feet per second, which is about ten and a half times the velo- 
city with which it is conducted by the air. 

Sound moves forward in straight lines, and in this respect 
follows the same laws as moving bodies, and light It also 
follows the same laws in being reflected, or thrown back* 
when it strikes u solid, or reflecting surface. 

If the surface be smooth, and of considerable dimensions, the 
sound will be reflected, and an echo will be Iieard ; but if the surface 
is very irregular, soft, or small, no such effect will be produced. 

In order to hear the echo, the ear must be placed in a cer« 
tain direction, in respect to the point where the sound is pro- 
duced, and the reflectfng surface. 



Ffe. 111. 



I 



If a sound be produced at a, fig. Ill, and 
strike the plane surface 6, it will be reflected 
back in the same line, and the echo will be 
heard at c or a. That is, the angle under 
which it approaches the reflecting surface, 
and that under which it leaves it, will be 
equal. 

Whether the sound strikes the reflecting 
surface at right angles, or obliquely, the an- 
gle of approach, and the angle of reflection, 
will always be the same, and eaual. 

lYiis is illustrated by 
Fig. 112. (iff, 1152, where suppose a 

pistol to be Area at a, 

^^ wlule the reflecting sur- 

9 (ace is at c; then the echo 

will be heard at 5, the an- 
gles 2 and 1 being equal 
to each other. 




Deiciibe the ezperiment proving that sound h oonducted by a metal with 
greater Telocity than by the air. In what lines does Mundornqp'? Fiomwhat 
Eind of sarfaee is sound reflected, so as to produce an echo 1 Explain fig. 111. 

IS* 
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If a ioiiiid be emitted between two reflectuig surfaces, 
pamlM to eiieh other, it will rererberate, or be answered 
Mokwarda and forwards several times. 

F%. 113. Thus, if the sound be made at a, ^g. 113, 

it will not only rebound back again to a^ but 
will also be reflected from the points c and 
df and were such reflecting surfaces placed 
at every point around a circle from a, the 
sound would be thrown back from them all, 
at the same instant, and would meet again 
at the point a. 

We shall see under the article Optics, 

that light observes exactly the same law in 

respect to its reflection from plane surfaces, and that the an^Ie 
at which it strikes is called the angle of incidence^ and that 
under which it leaves the reflecting surface is called the angle 
of reflection. The same terms are employed in respect to 
sound. 

In a circle, as mentioned above, sound is reflected front 
every plane surface placed around it, and hence if the sound 
is emitted from the centre of a circle, this centre will be the 
point at which the echo will be most distinct. * 

Suppose the ear to be placed at 
the point a, fig. 114, in the centre 
of a circle ; and let a sound be 
produced at the same point, then it 
will move along the line a e, and 
be reflected from the plane sur- 
b face, back on the same line to a ; 
and this will take place from all 
the plane surfaces placed around the 
circumference of a circle ; and as 
all these surfaces are at the same 
distance from the ■ centre, so the 
reflected sound will arrive at the point a, at the same instant ; 
and the echo will be loud, in proportion to the number and 
perfection of these reflec^ng surfaces. 

Explain £g. 1 12, and show in what diiectbn sound approaches and leaves 
a leflecting sur&oe. What is the angle under which sound strikes a reflect- 
mgmrfafla c a l le d 7 What b the angle under which it leaves a reflecting sor- 
fiwrcalMl Isthere any fifibrence in the quantity of these two angles'? Sup- 
pose « pML to ^iired in the centre of a ctrcular room, where would be the 
cchol 
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It b apparent that the auditor, in this case, must be placed 
in the centre from which the sound proceeds, to receive the 
greatest effect. But if the shape of the room be oval, or ellip- 
tical, the sound may be made in one part, and the eclio will 
be heard in another part, because the ellipse has two points, 
caUed foci, at one of which, the sound being produced, it will 
be concentrated in tht* other. 

Fig. 115. " Suppose a sound to be produced at a, 

fifr. 115, it will be reflected from the 
sides of the room, the angles of incidence 
being equal to those of reflection, and 
will be concentrated at b. Hence a 
hearer standing at b will be eflected by 
the united rays of sound from diflerent 
parts of the room, so that a whisper at a, 
will become audible at &, when it would 
C not be heard in any other part of the 
room. Were the sides of the room lined 
with a polished metal, the rays of li^ht 
or heat would be concentrated in tne 
same manner. 

The reason of this will be understood, when we consider, 
that an ear, placed at c will receive only one ray of the sound 
proceeding from a, while if placed at ft, it will receive the rays 
from all parts of the room. Such a room, whether construct- 
ed by design or accident, would be a whispering gallery. 

On a smooth surface, the rays, or pulses of sound, will pass 
with less impediment than on a rougn one. For this reason, 
persons can talk to each other on the opposite sides of a river, 
when they could not be understood to the same distance over 
the land. The report of a cannon, at sea, when the water is 
smooth, may be heard at a great distance, but if the sea is 
rough, even without wind, the sound will be broken, and will 
reach only half as far. 

Tlie strings of musical instruments are elastic cords, which 
being fixed at each end, produce sounds, by vibrating in the 
middle. 

Explain fig. 114, and fftve the reason. Suppose a sound to be produced 
in one of the foci of an ellipse, where then mijght it be distinctly heard ? Ex- 
plain fig. 115, and give the reason. Why is it that persons can converse on 
the opposite sides c?a river, when they could not hear each other at thesaiAe 
distance over the lauid ? How do the strings of musical imtruments produce 
sounds? 





rlO ACOUSTICS. 

The siring of a violin or piano, when pulled to one side bj 
Its middle, and let go, vibrates backwards and forwards, like 
a pendulum, and striking rapidly against the air, produces 
tones, which are grave, or acute, according to its tension, size, 
or length. 

The manner in which such a string vibrates, is shown bv 
fig. 116. 

Fig. 116. If pulled from e to 

^ 0, it will not stop a- 

gain at e, but in pas- 
sing from a to e, it 
will gain a momen- 
tum, which will car 
ry it to c, and in re- 
turning, its momen 
turn will again carry it to d, an J so on, backwards and forwards, 
like a pendulum, until its tension, and the resistance of the 
air, will finally bring it to rest. 

The grave, or sharp tones of the same string, depend on 
its different degrees of tension ; hence, if a string be struck, 
and while vibrating, its tension be increased, its tone will 
be changed from a lower to a higher pitch. 

Strings of the same lengtli are made to vibrate slow, or 
quick, and consequently to produce a variety of sounds, by 
making some larger than others, and giving them different 
degrees of tension. The violin and bass viol are familiar ex- 
amples of this. The low, or bass strings, are covered with 
metallic wire, in order to make their magnitude and weight, 
prevent their vibrations from being too rapid, and thus they 
are made to give deep or gi'ave tones. The otlier strings ai'e 
diminished in thickness, and increased in tension, so tn ti) 
make them produce a greater number of vibrations in a given 
time, and tnus their tones become sharp or acute, in pro 
portion. 

Under certain circumstances, a Kong string will divide itself 
into halves, thirds, or quarters, without depressing any part 
of it, and thus give several harmonious tones at the same time. 
Tlic fairy tones of the MoUmn harp are produced in this 
manner. This instrument consists or a simple box of wood, 
with four or five strings, two or three feet long, fastened tit 

Explain fig. 116. On what do the grave or acute tones of the samestrmg 
<kpend 1 Why are the ham etiings of inatrttinents covered with metalle 
wirel Why is there a variety of tones in the ^ofian harp, since all the 
strings are tuned in uiuson 1 
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each end. Tli<rae are tuned in unison, so that when made to 
vibrate with force, they produce ^tlie same tones. But when 
suspended in a gentle breeze, each string, according to the 
manner or force m which it receives the blast, either sounds 
as a whole, oris divided into several parts, as above described. 
** The result of which," says Dr. Amot, " is the production of 
the most pleasing combination, and succession of sounds, 
that the ear ever listened to, or fancy pe^rhaps conceived. 
Afler a pause, this fairy harp is often heard beginning with a 
low, and solemn note, like the bass of distant music in the 
sky ; the sound then swells as if approaching, and other tones 
break forth, mingling with the first, and ^vith each other." 

The manner in which a string vibrates in parts, will be un- 
derstood by ^g, 117. 

Rg. 117. 




Suppose the whole length of the string to be from a to b, 
and that it is fixed at these two points. The portion firom b 
to c, vibrates as though it was fixed at c, and its tone difiTers 
from those of the other parts of the string. The same happens 
from c to d, and fir&m d to a. While a string is thus vibra- 
ting, if a small piece of paper be laid on the part c, or dj it 
win remain, but if placed on any other part of the string, it 
will be shaken off. 
^ Wind. 

Win4 is nothing more than air in motion. The use of a 
fan, in warm weather, only serves to move the air, and thus to 
make a little breeze about the person using it. 

As a natural phenomenon, that motion of the air which we 
call wind, is produced in consequence of there being a greater 
degree of heat in one place than in another. Tne air thus 
heated, rises upward, while that which surrounds this, moves 
forward to restore the equilibrium. 

The truth of this is illustrated by the fact, that during the 
burning of a house in a calm night, the motion of the air to- 
wards the place, where it is thus rarefied, makes the wind blow 
fi-om every point towards the flame. 

Explain fig. 117, showing the manner in which strings vibrate in parts. 
What is wind 1 As a natural phenomenon how b wind inoduced, or, what 
is the cause of wind 7 How is this Ulustrated 1 
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In islaods situated in hot elimatesy this principle ig diarming 
]y illustrated. The land, during the dajr time, hein? under the 
ray^ of a tropical sun, becomes heated m a greater degree tlian 
the surrounaing ocean, and consequently, uiere rises from the 
land a stream of warm air, during the day, while the cooler 
air from the sur&ce of tlie water, moving forward to supply 
this partial vacancy, produces a coo) breeze setting inland on 
all sides of the island. This constitutes ihesea breeze, which 
is so delightful to the inhabitants of those hot countries, and 
irithout which men could hardly exist in some of the most lux- 
uriant islands between the tropics. 

During the night the motion of the air is reversed, because 
the earth being heated superficially, soon cools when the sun 
is absent, white the water being warmed several feet below 
its surface retains its heat longer. 

Consequently towards morning, the earth becomes colder 
than the water, and the air sinking down upon it, seeks an 
equilibrium by flowing outwards, luce rays from a centre, and 
thus the land breeze is produced. 

The wind then continues to blow from the land, until the 
equilibrium is restored, or until the morning sun makes the 
land of the same temperature as the water, when for a time 
there will be a dead calm. Then again (lie land becoming 
-warmer than the water, the sea breeze returns as before, ana 
thus the inhabitants of those sultry climates are constantly re- 
freshed during the sununer season, with alternate land and sea 
breezes. 

At the equator, which is a part of the earth continually un- 
der the heat of a burning sun, the air is expanded and ascends 
upwards so as to produce currents from the north and south, 
which move forward to supply the place of the heated air as it 
rises. These two currents, coming from latitudes where the 
daily motion of the earth is less man at the equator, do not 
obtain its full rate of motion, and therefore when they ap 
proach the equator, do not move so fast eastward as that poi- 
tion of the earth, by the diflerence between the equator*s 
velocity, and that of the latitudes from which they come. 
This wind therefore falls behind Hie earth in her diurnal 
motion, and consequently has a relative motion towards the 

In the islands of hot climates, why does the wmd blow mland durine the 
day, and off the land during the night 1 What are these breezes caBed ? 
What is said of the ascent of heated mt at the equator 1 Wh&f is the conse- 
quencc on the air towards the north and south ? 
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west. This coxtttant breeze towards the west is called the 
trade vnjidf because a large portion of the commerce of na- 
tions comes within its influence. 

While tlie air in the lower regions of the atmosphere is 
thus constantly flowing from the north and south towards Uie 
equator, and forming me trade winds between the tropics, the 
heated air from these regions as perpetually rises and forms 
a counter current through the higher regions towards the north 
and south from the tropics, thus restonng the equilibrium. 

This counter motion of the air in the upper and lower re- 
gions is illustrated by a very simple experiment. Open a door 
a few inches, leading into a heated room, and hold a lighted 
candle at the top of the passage; the current of air as indica- 
ted by the direction of the flame, will be out of the room. 
Then set the candle on the floor, and it will show that the cur- 
rent is there into the room. Thus, while the heated air rises 
and passes out of the room, that which is colder flows in, along 
the floor, to take its place. 

This explains the reason why our feet are apt to sufler M'ith 
the cold, in a room moderately heated, while the other parts 
of the body are comfortable, ft also explains why tliose who 
sit in the gallery of a church are sufficiently warm, while those 
who sit below may be shivering* with the cold. 

From such facts, showing the tendency of heated air to as- 
cend, while that which is colder moves forward to supply its 
place, it is easy to account for the reason why the wind blows 
perpetually from the north and south towards the tropics; for, 
the air being heated, as stated a^ove, it ascends, and then flows 
north and south towards the poles, until, growing cold, it 
sinks down, and again flows towards the equator. 

Fig.,118. Perhajw 

d e tliese oppo- 

4 site motions 
of the two 
currents will 
be better un- 
derstood by 
the sketch, 
a figure 118. 

How are the trade winds fonned 1 While the air in the lower regions 
flows from the ncith and soufth towards the equator, in what direction doe< 
tt flow in higher rraionsl How b thb counter current in lower and uppc« 
tegions Uluatrated %pj a aimpW ezpenment 7 
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Suppose ab € to repre^nt m portion of the cartli's surface. 
a being towards the north pole, c towards the south pole, and 
6 the equator. The currents of air are supposed to pass in the 
direction of the arrows. The wind, therefore, from a to I 
would blow, on the surface of the earth, from north to south 
while from cto a^ the upper current would pass from souA tc 
north, until it came to a, when it would change its direction 
towards the south. The currents in the southern hemisphere 
being governed by the same laws, would assume similar direc- 
tions. 

OPTICS. 

Optics is that science which treats of vision, and the pro 
per ties and phenomena of light. 

The term optics is derived from a Greek word, which sig- 
nifies seeing'. 

This science involves some of the most elegant and import- 
ant branches of natural philosdphy. It presents us with ex- 
periments which are attractive by their beauty, and which as- 
tonish us by their novelty; and, at the same time, it investi- 
gates the principles of some of the most useful among the nr- 
ticles of common life. 

There are two opinions concerning the nature of light. 
Some maintain that it is composed of material particles, which 
are constantly thrown off from the luminous body; while 
others suppose that it is a fluid diffused through all nature, 
and that &ie luminous, or burriing body, occasions waves or 
undulations in this fluid, by which the light is propagated in 
the same manner as sound is conveyed through the air. The 
most probable opinion, however, is, that light is composed of 
exceedingly minute particles of matter. But whatever may 
be the nature or cause of light, it has certain general proper- 
ties or effects which we can investigate. . Thus, by experi- 
ments, we (ftm determine the laws by which it is governed in 
its passage through different transparent substances, and also 
those by which it is governed when it strikes a substance 
through which it cannot pass. We can likewise test its na- 
ture to a certain degree, by decomposing or dividing it into its 
elementary parts, as the chemist decomposes any substance he 
wishes to analyze. - 

What common fact does this experiment illustrate 1 Define Opti*^ 
What b said of the elegance and importance of this science? What"»S* 
two opinions concerning the nature of light 7 ^Vhat is the most probable 
opinion 1 
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To understand the science of optics, it is necessaiy to de 
fine several terms, which, although some of them may be in 
common use, have a technical meaning, when applied to this 
science. 

Light is that principle, or substance, which enables us to see 
any body from which it proceeds. If a luminous substance,, 
as a burning candle, be carried into a dark room, the objects 
in the room become visible, because they reflect the liffht of 
the candle to our eyes. (For the Chemical effects of tdght^ 
see Chemistry,) 

Luminous bodies are such as emit light from their own 
substance. The sun, fire, and phosphorus, are luminous bo- 
dies. The moon, and the other planets are not luminous, 
since they borrow their light from tne sun.^ 

TYansparent bodies are such as permit the rays of light to 
pass freely through them. Air and some of the gases are 
perfectly transparent, since they transmit light without being 
visible themselves. Glass and water are also considered trans- 
parent, but they are not perfectly so, since they are themselves 
visible, and therefore do not suffer the light to pass through 
tliem without interruption. 

TYanslucent bodies are such as permit the light to pass, but 
not in sufficient quantity to render objects distinct, when seen 
through them. 

Opaque is the reverse of transparent Any body which per- 
mits none of the rays of light to pass through it, is opaque. 

Illuminated, enlightened. Any thing is illuminated when 
the li^ht shines upon it, so as to make it visible. Every object 
exposed to the sun is illuminated. A lamp Uluminates a room, 
and every thin^ in it. 

A llay is a single line of light, as it comes from a luminous 
body. 

A Beam of light is a body of parallel rays. 

A Pencil of light is a body of diverging or converging rays. 

Divergent rays, are such as come from a point, and contin- 
nolly separate wider apart^ as they proceed. 

What 18 light 1 What ijs a luminous body 1 Whatisatnnspaientbodyl 
Afe ghn and water perfectly transparent 1 How is it pro^ that air is 
perfeetly transparent 1 What are translucent bodies 1 What are ojMqne 
Lo^T What is meant bv illttminated ? What is a ray of light 1 What 
« a beam ? What a pexM^itl What are divergent rays'? 

13 
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Convergent rajrst are those which approach each other, s\« 
as to meet at a common point 

Luminous bodies emit rays, or pencils of light, in every di- 
rection, so that the space through which they are visable is 
filled with them at every possible point. 

Tlias, the sun illuminates every point of space, within the 
whole solar system. A light, as that of a Hght houise, which 
can be seen from the distance of ten miles in one direction, 
fills every point in a circuit of ten miles from it, with light. 
Were this not the case, the light from it could not be seen from 
every point wiUiin that circumference. 

Tne rays of light move forward in straight lines from the 
luminous body, and are never turned out of their course ex- 
cept by some obstacle. 

^^^' Leta, fig. 119, 

be a beam of light 
from the sun pass* 
ing through a 
small orifice in 
the window shut- 
ter b. The sun 
cannot be seen through the crooked tube c, because the beam 
passing in a straight line, strikes the side of the tube, and 
therefore does not pass through it. 

All the illuminated bodies, whether natural or artificial, 
throw ojQT light in every direction of the same color as them- 
selves, thoush the ligtit with which they are ilhiminated is 
white or without color. * . 

This fiict is obvious to all who are endowed with sight. 
Thus, the light proceeding from grass is green, while Uiat 
proceeding from a rose is red, and so of every other color. 

We shall be convinced, in another place, that the white 
light with which things are illuminated is really composed of 
several colors, and that bodies reflect only the rays of their 
own^ colors, while they absorb all the other rays. 

Li^ht nioves with tne amazing rapidity of about OoMflBiliions 
of miles in 81 minutes, since it is proved by certau^astro- 
nomical observations, that the light of the sun comes im ^e 

What are convergent rays? In what (lirection do luminous bodies emit 
li|{ht 1 How 18 k proved that a luminous body fills every point within a per- 
tain distance with light 1 Why cannot a beam of light be seen through » 
bent tube 1 What is the color of the r^»^* »^ich different bodies throw otf 1 
If grass thrown off green light, wha* * le other rays 1 
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earth in that time. This velocity is so greaU that to any dis- 
tance at which an artificial light can fe seen, it seems to be 
transmitted instantaneously. 

If a toil o£ gunpowder were exploded on the top of a moun- 
tain, where its light could be see]^ a liundred miles, no per- 
ceptible difference would be observed in the time of its ap- 
])earance on the spot, and at the distance of a hundred miles. 

Refraction of Light, 

Although a ray of light will always pass in a straight line, 
when not interrupted, yet when it passes obliquely Scorn one 
transparent body into another, of a different density, it leaves 
its linear direction, and is ben^ or refracted^ more or less, out 
of its former course. This change in the direction of light, 
seems to arise from a certain power, or quality, which trans- 
parent bodies possess in different degrees; for some sub- 
Fig. 130. stances bend the rays of light much 

more obliquely than others. 

The manner in which the rays of 
light are refracted, may be readily un- 
derstood by &g. 120. 

Let a be a ray of the sun's light, pro- 
ceeding obliquely towards the surface 
of the water c, <C and let e be the point 
which it would strike, if moving only 
through the air. Now, instead of pass- 
ing through the water in the line a, c, it will be bent or re- 
F^. 121. fracted, on entering the water, 

from to n, and having passed 
through the fluid it is again re- 
fracted in a contrary direction 
on passing out of the water, 
and then proceeds onward in 
a straight line as before. 

The refraction of water is 
beautifully proved by the fol- 
lowing simple eicperiment. 
Place an emjpty cup, fig. 121, 
with a shilling on the bottom, in such a position, that the side 

What is the rate of velocity with which fight moves 1 Can we peicefve 
any dfifference in the time which it takes an artificial fight to pass to us fhmi 
a orea^ m small distance 1 What is mea&c by the refniction of fightl Do 
alitransparcnt bodies i^fhict fight eqnaUy 1 
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of the cup will juat hide the piece of money &oiti the eye. 
Then let anotlier person fill tfie cup with water, keeping the 
eye in the sarne position as before. As the water is poured 
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I, the shilling will become rtsiUe, appearing to riae with 
tne water. The effect of the water is to bend uie n -■■ ■ 
coming from the shilling, so as to make it meet the i _ 
the point where it otherwise would. Thus the eye coulil not 
see the shilling in the direction of c, since the line of vision 
is towards a, and c is hidden by the side of the cup. But the 
refraction of the water bends the ray downwards, producing 
'the same effect as though the objecthad been raised upwards, 
and hence it becomes visible. 

The transparent body through which the light passes is 
called the medium, and it is found in all cases, " that where a 
ray of light passes obliquely fro-ai one mediuw. into another of 
a different densiti/, it is refracted, or turned ovt of its former 
course." This is illustrated in the above examples, the water 
being a more dense medium tlian the air. The refraction lakes 
place at the surface of tlie medium, and the ray is refracted in 
lis passage out of the refracting substance as well as into it. 

If tiie ray, after having (-asaed through the water, thrn 
strikes upon a still more dense medium, as a pane of glass, it 
Hg. I^. will again be refracted. It is undcrstqod, 
that in all cases the ray must fall upon tlie 
refracting medium obliquely in order to be re- 
fracted, ior if it proceeds from one medium to 
another perpendicularly to their surfaces, it 
will pass straight through them all, and no re- 
fraction will take place. 

Thus, in fi^. 123, let a represent air, 5 iva 
ter, and c a piece of glass. The ray d striking 
each medium in a perpendicubr direction, 
passes through them all in a straight line. The 
oblique ray passes ihrouoh the air in the di- 
" rection of c, but meeting ine water, is refracted 

' '"^X" inthe direction of o; then foiUng upon the 

glass, it is again refracted in the direction of 
p, nearly parallel with the perpendicular line d. 

Kupt'^'" Gg' 130. and tbovi Iiow Uie ray 'a refracted in poesine iiilu ami 
out of the niLtar, Explain Gg. 121, and state the reason wliy the shilling 
neetoM to be raised op by pouring in the water. What is a medium t In 
irtiat diiectkin muit a lay of light paae laivanlB l)ie medium to be mfhu^od 1 
Will a ray lUling perpendiculuii)' oa a medium be letaOed 1 ExjiUd 
Gg. 133, and ahownow the ray t ia refivcted. 
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In aU case' vi'i'^': the ray passes out of ararer into a dot- 

Mr medium, it la refracted towards a perpendicular line. 

Pig. IJS raised from tiie surface of the denser me- 

4 dium, and so, when it passes out of a den- 

\ ser, into a rarer medium, it is refracted 

\ r* from the same perpendicular. 

\ Let the medium 6, fig. 193, be ghaa, and 

^^^^■^■H the medium c, water. The rav a, u it 

^^^^^^^^H Islla upon the medium b, ia refracted to- 

I^^^^^^HH wards the perpendicular line c, d; but 

^^^^^^^^H when it enters the water, whose refractive ~ 

^^^^^^^^H power is less than that of glass, it is not 

^^^^^^^^^ bent so near the perpendicular as before, 

^ and heuce it is refracted from, instead of 

towards the perpendicular line, and approacnea the original 



direction of the ray a, g, when passing through tl 
e of rcfraetioa appears to be thepowi 

le passing ray 
n all cases the attracting force acts in the direction of a 



The cause of rcfraetioa appears to be the power of attrac- 
tion, which the denser medium exerts on the p 



lendicuJar to the refractin? surface. 

'he refraction of the rays oT light, as they fall upon the sur- 



face of the water, is the reason why a straight rod, with one 
end in the water and the other end rising above it, appears to 
be broken, or bent, and also to be shortened. 

Fie 134 Suppose the rod a, fie. 134, to be set with 

"' onebalf of its length below the sur&ce of the 

^ ,_. water, and the other half above it. The eye 

j^ being placed in an oblique direetion, will see 
I cj/ ^B lower end apparently at the point o, while 
^^^^MM the real termination of the ro<l would be «t 
^^^B^^^H n : the refraction wUl therefore make the 
^^B^^^^H rod appear shorter by the distance from o to 
WB^^^^^^^ ji, or one fourth shorter than the part below 
the water really is. The reason why the rod appears distort- 
ed, or broken, is, that we judge of the direction of the part 
which is under the water, by that which is above it, and Uie re- 
fraction of the rays coming from below the surface of the water, 
give them a different direetion, when compared with those com- 
ing from that part of the rod which is above it. Hence, when 
When the roy paases out oT & rarer into k denser medium, in irtut di- 
rectian is it refncted 1 WheD it posaes oat of ■ denier into « rarer medium, 
in what direction in the reftadioDl Eiplun thti b? fis. 193. What ii Om 
cBunofretnctioD? What i> the rouon that a rod, with coe end In the wa- 
Ira, appeui diitorted anl (hoiterlhanttTEaDjli') 
13* 
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rodiilMkiwdievniler, no such dbtorted appearance 
is al— icd, becasK dim all the lays are refiracted equally. 

For die icoiiuM jmA ezpluiied, peraoiia are often deceiTed 
bi ffmrifi la die d^idi of water, tbe refraction making it ap- 
Mar nndi OMire mllow dian it really is ; and there is no 
oovbt b«l die meet serious aocidentB lutTe often happened to 
dnae mho have gone into the water under such deception . 
im a pond which is really ax feet deep, will appear to the eye 
tmfy a Mtlle more than four feet deep. 

RtJLectum of Liffhi, 
If a boT durows his ball against the side of a house swiftly-, 
aad in a perpendicular direction, it will bound back nearly in 
die fine ui which it was thrown, and he will be able to catch 
it wilk his hands ; but if the ball be thrown obliouely to the 
rl^rt» or left, it will bound away frt>ni the side of tiie house in 
w same relaure direction in which it was thrown. 

Tile reflection of Hght, so &r as regards the line of ap- 
proach, and the line of leaving a reflecting 
F^g- WS. snr&cc, is goTcmed by the same law 

e Thus, if a sun beam, flg. 125, passing 

I diroogh a small aperture in the window 

■ I shutter a, be permitted to fall upon the 

L^mih1i» plane mirror, or looking glass, c, <2, at 
W I right angles, it will be reflected Imck at 

I ri^t angles with the mirror, and therefore 

*l will pass back again in exactly the same 

direction in which it approached. 
But if the ray strikes the mirror in an oblique direction, it 
FV. 196. ^'^ ^^^ ^ thrown oflT in an oblique di* 

rection opposite to that in which it was 
thrown. 

Let a ray pass towards a mirror in the 
line a, c, fig. 126, it will be reflected ofl* in 
the direction of c, d, making the angles 1 
aiid 2 einctly equal. 

The ray a, c, is called the incident ray, 

and the ray c, d, the reflected ray ; and it 

^ is found in all cases, that whatever angle 

the ray of incidence makes with the reflect- 

Wior doestiw wiler in a pond appear leas deep than it really is ? Suppose 
beam Ml upon a plane minw at Tig[fat angles with its suirfiice, in what 
^~ mM it be reflected 1 Suppose the ray ftlls obliquely on its snrftice, 
finelion wffl it flien be leflecled 1 iVlwt is an niddent ray of ligfat ? 
Wbbt is a nflected ny of light 1 
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ing surface, or with a perpendicular line drawn 
from the reflecting surface, exactly the same 
angle is made by the reflected ray. 

From these facts, arise the general law in 
optics, that the anffle of reflection is equal to 
the angle of incidence. 

The ray a, c, fig. 127, is the ray of incidence, 
and that from c to <f, is the ray of reflection. 
The angles which a, c, make with the perpen- 
dicular line, and with the plane of the mirror, 
is exactly equal to those made by c, d, with 
the same perpendicular, and the same plane 
surface. 

Mirrors. 

Mirrors are of three kinds, namely, plane, convex^ and co»- 
cave» They are made of polished metal, or of glass covered 
on the back with an amalgam of tin and quicksilver. 

The common looking glass is a plane mirror, and consists 
of a plate of ground glass so highly polished as to permit the 
rays of light to pass through it with little interruption. On 
the back of this plate is placed the reflecting surface, which 
consists of a mixture of tin and mercury. The fflass plate, 
therefore, only answers the purpose of sustaining the metallic 
surface in its place, — of admittinff the rays of light to, and 
from it, And of preventing its sur^ce from tarnishing, by ex- 
cluding the air. Could the metallic surface, however, be re- 
tained m its frtace, and not exposed to the air. without the glass 
j>late, these mirrors would be much more perfect than they 
are, since, in practice, glass cannot be made so perfect as to 
transmit al] the rays of light which fall on its surface. 

When applied to the plane mirror, the angles of incidence 
and of reflection are equal, as already stated, and it therefore 
follows, that when the rays of light fall upon it obliquely in one 
direction, they are thrown off under the same angle in the op- 
posite direction. 

This is the reason why the images of objects can be seen 
when the objects themselves are not visible. 

What general law hi optica leBolts from obBervations on the incident and 
reflected rays? How many kinds of mirrors are tbeie? What kind &( 
norror is the common Iqoiingf^ass? Of what use is*die glass plate iA the 
coQstraction of this mirror 1 
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fSg. 128. Suppose the mirror a h, fig. 128, to be 

placea on the side of a room, and a lamp 
to be set in another room, but so situa- 
ted, as that its light would shine upon 
the glass. The lamp itself could not be 
ai, seen by the eye placed at e, because the 
partition d is between them; but it^ 
image would be visible at e, because th( 
angle of the incident ray, coming froa 
the light, and that of the reflected ray 
which reaches the eye, are equal. 

An image from a plane mirror appears 
to be just as far behind the mirror, as the 
object is before it, so that when a person approaches this 
mirror, his image seems to come forward to meet him ; and 
when he withdraws from it, his image appears to be moving 
backward at the same rate. For the same reason the different 
parts of the same object will appear to extend as far behind 
the mirror, as they are before it. 

If, for instance, one end of a rod two feet long be made tc 
touch the surface of such a mirror, this end of the rod, and it& 
image, will seem nearly to touch each other, there being only 
the thickness of the glass between them ; while the other end 
of the rod, and the other end of its image, will appear to be 
equally distant from the point of contact. 

The reason of this is explained on the principle, thai tht 
angle of incidence and that of reflection is equal. 



Fig. 129. 



d 




Suppose the arrow a, to be the 
object reflected by the mirror d c 
fig. 129; the incident rays a. 
flowing from the end of the ar 
row, being thrown back by reflec- 
tion, will meet the eye in the 
same state of divergence that 
they would do, if they proceeded 
to the same distance behind the 
mirror, that the eye is before it, 
as at 0, Therefore, by the same 



FtTphin fig. 138, and show hofw the imw of an object can be seen in a 
|ilane numNr, when the real object is invisible. The imaee of an object 
appears just as fiur behind a plane nunor, as the object is bmre it; ezpluB 
Sg 199, and show why this is the case. 
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law, the reflected rays, where they meet the eye at e, appear 
to diverge from a point A, jiist as far behind the mirror, as a 
is before it, and consequently the end of the arrow most re- 
mote from the glass, wUl appear to be at hy or the point where 
the approaching rays would meet, were they continued on- 
ward behind the glass. The rays flowing from every other 
part of the arrow follow the same law ; and thus every part 
of the image seems to be at the same distance behind the 
* mirror, that the object really is before it. 

In a plane mirror, a person may see his whole image, when 
the mirror is only half as long as himself; let him stand at 
any distance from it whatever. 

This is also explained by the law, that the angles of inci- 
dence and reflection are equal. If the mirror be elevated, so 
that the ray of light from the eye falls perpendicularly upon 
the mirror, this ray will be thrown back by reflection in the 
same direction, so that the incident and reflected ray by which 
the imiLffe of the eyes and face are formed, will be nearly pa 
rallel, while the ray flowing from his feet will fall on the mir- 
ror obliquely, and will be reflected as obliquely in the con- 
trary direction, and so of all the other rays by which the im- 
age of the different parts of the person is formed. 

Fig- 130. Thus suppose the mir- 

.^j^ ror c e, ^g. 130, to be just 
*^ half as long as the arrow 
placed before it, and sup- 
pose the eye to be placed 
at a. Then the ray a e, 
proceeding from the eye 
at a, and falling perpen- 
dicularly on the glass at 
/ \ c, will be reflected back 

to the eye in the same 
* line, and this part of the 

image wOl appear at 5, in the same line, and at the same dis- 
tance behind the glass that the arrow is before it. But the 
ray flowing from the lower extremity of the .arrow, will fall 
on the mirror obliquely, as at e, and will be reflected under 
the same angle to the eye, and therefore the extremity of the 

What rnoBt be the eomparative length xii a plane nurror, in which a penon 
ma^ see his whcde ima^ 1 In what part of the image, fig. 130, are th^ 
incidents^ and reflected lays nearly parallel 1 Why does the image of thf 
lower part of the arrow appear at d1 




'« ••••• •• • • « « m^w 
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fSig. 128. Suppose the mirror a b, fig. 128, to be 

placea on the side of a room, and a lamp 
to be set in another room, but so situa- 
ted, as that its light would shine upon 
the glass. The lamp itself could not be 
ai, seen by the eye placed at e, because the 
pai^tition d is between them; but it^ 
image would be visible at e, because th( 
angle of the incident ray, coming froa 
the light, and that of the reflected ray 
which reaches the eye, are equal. 

An image from a plane mirror appears 
to be just as far behind the mirror, as the 
object is before it, so that when a person approaches this 
mirror, his image seems to come forward to meet him ; and 
when he withdraws from it, his image appears to be moving 
backward at the same rate. For the same reason the different 
parts of the same object will appear to extend as far behind 
the mirror, as tliey are before it. 

If, for ilisiance, one end of a rod two feet long be made tc 
touch the surface of such a mirror, this end of the rod, and it& 
image, will seem nearly to touch each other, there being only 
the thickness of the glass between them ; while the other end 
of the rod, and the other end of its image, will appear to be 
equally distant from the point of contact. 

The reason of this is explained on the principle, that tht 
angle of incidence and that of reflection is equal. 



Fig. 129. 



d 




Suppose the arrow a, to be the 
object reflected by the mirror d c 
fig. 129; the incident rays a. 
flowing from the end of the ar 
row, being tlirown back by reflec- 
tion, will meet the eye in the 
same state of divergence that 
they would do, if they proceeded 
to the same distance behind the 
mirror, that the eye is before it, 
as at 0, Therefore, by the same 



FtTphin fig. 138, and show bofw the image of an object can be seen in a 
plane mirnNr, when the real object is invisible. The imaffe of an oMect 
appears just as fiur behind a plane miiror, as the object is bdore it ; expfaia 
fig 199, and show why this is the case. 
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law, the reflected rays, where they meet the eye at e, appear 
to diverge from a point A, jiist as far behind the mirror, as a 
is before it, and consequently the end of the arrow most re- 
mote from the glass, will appear to be at h^ or the point where 
the approaching rays would meet, were they continued on- 
ward behind the glass. The rays flowing from every other 
part of the arrow follow the same law ; and thus every part 
of the image seems to be at the same distance behind the 
' mirror, that the object really is before it. 

In a plane mirror, a person may see his whole image, when 
the mirror is only half as long as himself; let him stand at 
any distance from it whatever. 

This is also explained by the law, that the angles of inci- 
dence and reflection are equal. If the mirror be elevated, so 
that the ray of light from the eye falls perpendicularly upon 
the mirror, this ray will be thrown back by reflection in the 
same direction, so that the incident and reflected ray by which 
the imiiffe of the eyes and face are formed, will be nearly pa 
rallel, wnile the ray flowing from his feet will fall on the mir- 
ror obliquely, ana will be reflected as obliquely in the con- 
trary direction, and so of all the other rays by which the im- 
age of the diflerent parts of the person is formed. 

5%- 130. Thus suppose the mir- 

.^^ ror c e, fig. 130, to be just 
^^ half as long as the arrow 
placed before it, and sup- 
pose the eye to be placed 
at a. Then the ray a e, 
proceeding from the eye 
at a, and falling perpen- 
dicularly on the glass at 
c, will be reflected back 
to the eye in the same 
line, and this part of the 
image will appear at 5, in the same line, and at the same dis- 
tance behind the fflass that the arrow is before it. But the 
ray flowing from the lower extremity of the -arrow, will fail 
on the mirror obliquely^ as at e, and will be reflected under 
the same angle to the eye, and therefore the extremity of the 

What rnoBt be the comparative length uf a jdane mirror, in which a pemon 
ma^. see Us whcAe ima^ 1 In what part of the image, %. 130, are th<* 
inadental and reflected lays nearly jparallel 1 Why does the image of thf 
k>wcr part of the arrow appear oidi 




IS2 




fHr^^ 8«p|MMedieiiiimir«&,lig. l^toba 

phced on the aide (rf* a loom, and a lunp 
to be set in another rooin, but so flitna^ 
ted, a« that its light wovdd done opon 
the gbss. The hunp itself coold not be 
^ seen by the eye pbeed at e, bccanse the 
portion d w between them; but it^ 
image would be visible at r, because the 
angfe of the incident laj, coming fnsh 
the light, and that of the reflected ny 
which reaches the eye, are eqnaL 

An image from a plane mirror appears 
to be just as fiir behind the mirror, as the 
object is before it, so that when a person approaches this 
mirror, Iiis image seems to come forward to meet him ; and 
when he withdraws from it, his image appears to be moving 
backward at the same rate. For the same reason the diflerent 
parts of the same object will appear to extend as fiir behind 
the mirror, as they are before it 

If^ for instance, one end of a rod two feet long be made tc 
touch the surface of such a mirror, this end of the rod, and itb 
image, will seem nearly to touch each other, there being only 
the thickness of the glass between them ; whUe the other end 
of the rod, and the other end of its image, will appear to be 
equally distant from the point of contact 

The reason of this is explained on the principle, that tht 
angle of incidence and that of reflection is equaL 



Fig. 139. 



d 




Suppose the arrow a, to be the 
object reflected by the mirror d c 
fig. 129; the incident rays a. 
flowing from the end of the ar 
row, being thrown back by reflec- 
tion, will meet the eye in the 
same state of divergence that 
they would do, if they proceeded 
to the same distance behind the 
mirror, that the eye is before it, 
as at 0, Therefore, by the same 



Expbin ilg. 198, and ihow bow the image of an ob{eGt can be leen in a 
|iUm minor, when the real object la mvinble. The Imapof an obiect 
Sfipean juat as far behind a plane minor, as the dject it be»re it ; explan 
fig 199, and ihow why this H the case. 
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lawy ihe reflected rays, where they meet the eye at e, appear 
to diverge from a point A, jiist as far behind the mirror, as a 
is before it, and consequently the end of the arrow most re- 
mote from the gkss, will appear to be at hj or the point where 
the approaching rays would meet, were they continued on- 
ward behind the glass. The rays flowing from every other 
part of the arrow follow the same law ; and thus every part 
f>f the image seems to be at the same distance behind the 
' mirror, that the object really is before it. 

In a plane mirror, a person may see his whole image, when 
the mirror is only half as long as himself; let him stand at 
any distance from it whatever. 

This is also explained by the law, that the angles of inci- 
dence and reflection are equal. If the mirror be elevated, so 
that the ray of light from the eye falls perpendicularly upon 
the mirror, this ray will be thrown back by reflection in the 
same direction, so that the incident and reflected ray by which 
the ima^e of the eyes and face are formed, will be nearly pa 
rallel, while the ray flowing from his feet will fall on the mir- 
ror obliquely, and will be reflected as obliquely in the con- 
trary direction, and so of all the other rays by which the im- 
age of the diflferent parts of the person is formed. 

Pig. 130. Thus suppose the mir- 

.^ ror c e, fig, 130» to be just 
»^ half as long as the arrow 
placed before it, and sup- 
pose the eye to be placed 
at a. Then the ray a e, 
proceeding from the eye 
at 0, and falling perpen- 
dicularly on the glass at 
c, will be reflected back 
to the eye in the same 
line, and this part of the 
image wOl appear at 5, in the same line, and at the same dis- 
tance behind the fflass that the arrow is before it. But the 
ray flowing from the lower extremity of the .arrow, will fail 
on the mirror obliquely^ as at e, and will be reflected under 
the same angle to the eye, and therefore the extremity of the 

What most be the oomparative length uf a plane mirror, in which a pem>n 
may. see his whole image 1 In what part of the image, %. 130, are th<* 
inadental and reflected laja nearly parallel 1 ^Vlly does the ima|{e of thf 
lower part of the arrow appear vXd\ 
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image, appearing in the direction of the reflected ray,. will he 
seen at a. The rays flowing from the other parts of the 
arrow, will observe the same law, and thus the whole image 
is seen distinctly, and in the same position as the object. 

To render this still more obvious, suppose the mirror to hr. 
removed, and another arrow to be placed in the position where 
its image appears, behind the mirror, of the same length i»s 
the one before it Then the eye, being in the same position 
as represented in the figure, would see the different parts of 
the real arrow in the same direction that it before saw the 
image. Thus the rav flowing from the upper extremihr of the 
arrow, would meet tne eye in the direction of b c, while the 
ray coming from the lower extremity, would fall on it in the 
direction of e d. 

Convex Mirror. A convex mir- 
ror is a part of a sphere, or globe 
reflecting from the outside. 

Suppose fig, 131 to be a sphere, 
then the part from a to o, would be 
a section of the sphere. Any part 
[ — c of a hollow ball of glass, with an 
amalgam of tin and quicksilver 
spreiM on the inside, or any part 
of a metallic dobe polished on the 
outside, would form a convex mir- 



Fig. 131. 





Fig. 138. 




ror. 

The axis of a convex mirror, is a 

line 9A ch\ passing through its centre. 

Rays of light are said to diverge^ 

^ when they proceed from the same 

point, and constantly recede from each 

other, as from the point a, fig. ISS. 

Rays of light are said to converge^ 

when they approach each other in 

such a direction as finally to meet at a point, as at ft, fiff. 132. 

The imaffe formed by a plane mirror, as we have iQready 

seen, is of the same size'as toe object, but the image reflected 

from the convex mirror is always smaller than the object 

Srappose the mirror, fig. 130, to be lemoved, and an anow of the nms 
length to be placed where the image appeared, would the direction of th« 
ny» from the arrow be the same that they were finom the image 1 What i<? 
a ooiivex mirror? 'What ia the axia of a eonvez minor 1 Wlat axe dlveiy> 
ing rays ? What axe converging rays 1 
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The. law which ffovems the passage of light with respect to 
ihe angles of incidence and reflection, to and from the con- 
vex mirror, is the same as already stated, for the plane mirror 
. From the surface of a plane mirror, parallel rays are reflect* 
ed parallel ; hut the convex mirror causes parallel rays felling 
on Its surface to diverge^ by reflection. 

Fig. 133. To make this understood, let 

i, 2, 3, fig. 133, he parallel rays, 
falling on the surface of the con- 
vex reflector, of which a would 
be the centre, where the reflector 
, a whole sphere. The ray 2 is 
perpendicular to the surface ^of 
the mirror, for when continued 
in the same direction, it strikes 
the axis, or centre of the circle a. 
The two rays 1 and 3, bein^ 
parallel to this, all three woula 
fall on a plane mirror, in a per^ 
pendicular direction, and conse- 
quently would be reflected in the lines of their incidence. 
But the obliquity of the convex surface it is obvipus will 
render the direction of the rays 1 and 3, oblique to that sur- 
face, for the same reason that 2 is perpendicular to that part 
of the circle on which it falls. Rays falling on any part of 
this mirror, in a direction, which, if continued through the 
circumference, would strike the centre, are perpendicular to 
che side where they fall. Thus, the dotted lines c a, and d 
fl, are perpendicular to the surface, as well as 2. 

Now the reflection* of the ray 2, will be back in the line of 
its incidence, but the rays 1 and 3, falling obliquely, are re^ 
fleeted under the same angles at which they fall, and therefore 
their lines of reflection will be as far without the perpendicular 
lines c a, and d a, as the lines of their incident rays, 1, and 3, are 
within them, and consequently they will diverge in the direc- 
tion of e and o ; and since we always see the image in the di- 
rection of the reflected ray, an object placed at 1, would ap 
pear behind the surface of the mirror at n, or in the direction 
of the line o n. 




What law govenui the paaaage of light from and to the convex nii:^ 
ror ? Are parallel rays &lling <mi a convex mirror, reflected par&Etd « 
Explain fig. 133. 
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Perhaps the subject of the convex mirror will be better under- 
«tood by considering its surface to be formed of a number oi 
plane surfaces, indefinitely small. In this case, each poini 
from which a ray is reflected, would act in the same mannei 
as a plane mirror, and the whole, in the manner of a number 
of mmute mirrors inclined from each other. 

Suppose a and &, fig. 134, to be 
the points on a convex mirror from 
which the two parallel ravs, c and 
d, are reflected. Now, from the 
surface of a plane mirror, the re- 
flected rays would be parallel, 
whenever the incident ones are 
so, because each will fall upon the 
surface under the same angles. 
But it is obvious in the present 
case, that these rays fall upon the 
surfaces a, end 5, under different angles, as respects the sur- 
faces, c, approaching in a more oblique direction than d ; con- 
sequently c is r^ected more obliquely than d, and the two 
reflected rays, instead of being parallel, as before, diverge in 
the direction of n aild o. 

Again, the two converging 
rays a and A, fig. 135, without 
the interposition of the reflect- 
ing surfaces, would meet at r, 
but because the angles of reflec- 
tion are equal to those of inci- 
dence, and because, the surfa- 
ces of reflection are inclined to 
each other, these rays are re- 
flected less convergent, and in- 
stead of meeting at the same 
distance before the mirror, that 
c is behind it, are sent off in 
the direction of e, at which point they meet 

" Thus parallelrays falling on a convex mirror, are render- 
ed diverging hy rejlection ; converging rays are made less 
convergent^ or parallel, and diverging rays wore divergent. 

How IB the tuctioii of the convex mirror illustrated by a number of 
jitane minora 1 Explain fig. 135. What effect xloes the convex mimMr 
liave npon panBcl rays by reflection 1 What is its eflcct on conrei)ging 
rays? What is its effisct on ^'-**' "^'* 



Fig. 135. 
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The effect of die convex mirror, therefore, is to disperse -the 
rays of light in all directions ; and it is proper here to remind 
the pupil, that although the rayls of light are represented on 
paper by single lines, there are in fiict probably millions of rays« 
proceeding from every point of all visible bodies. Only a 
comparatively small nnipber of these rays, it is true, can enter 
the eye, for it is only by those which proceed in straight lines 
f^om the different parts of the object, and- enter the pupil, dial 
the sense of vision is excited. 

Now, to conceive how exceedingly small must be the pro 
portion of light thrown off, from any visible object wMch en- 
ters the eye, we must consider that the same object reflects 
rays in every odier direction, as well as in that in which it is 
seen. Thus, the gilded ball on the steeple of a church may 
be seen by millions of persons at the same time, who stand 
upon the ground ; and were millions more raised above these, 
it would hB visible to aD. 

When, therefore, it is said, that the convex mirror disperses 
the rays of liffht which fiill upon it from any object, and when the 
<lirection of these reflected rays are shown only by single lines, 
it must be remembered, that each line ' represents pencils of 
rays, and that the light not only flows from the parts of the ob- 
ject 4hus designated, but from all the other parts. Were this 
not the case, 3ie object would be visible only at certain points. 
^ The images of objects reflected from we convex mirror 
appear curved, because their different parts are not equally 
distant from its surface. 

Pig. 136. If the object a, be placed 

obliquely before the convex 
^ mirror, fig. 136, then the con- 
verging ravs from its two ex- 
tremities falling obliquely on 
its surface, would, were they 
prolonged through the mirror, 
meet at the point <;, behind it. 
But instead of being thus con- 
tinued, diey are thrown back 
by the mirror, in less conver- 

Do the rays of light proceed only fiom the eztiemities of obiects, as tepte- 
•ented in figures, or from all their parts 1 Do all the rajB of ligfatpiooeed- 
ing from an object enter the w, or only a few of theml What wockl^ be 
the consequence, if tne rays of light proceeded only fiom the paiCs of an oih- 
ject shown in diagrams 1 Why do tne images of objects nMCled ftotn con<» 
vex mirron appear curvedl 

14 
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gent lanes, which meet the eye at c, it heing, as we hare seen, 
one of the properties of this mirror, to reflect conrerging rays 
less conTergent than before. 

The image being always seen in the direction firom which 
the rays approach the c^e, it appears behind the mirror at (2. 
If the eve he kept in me same position, and the object a, be 
moTed rorther from the mirror, its image will appear smaller, 
in a proportion inTcrsely to the distance to wnich it is re- 
moved. Consequently, by the same law, the two ends of a 
straight object will appear smaller than its middle, because 
they are farther from the reflecting sm^ce of the mirror. 
Thus, the images of straight oljects, held before a convex 
mirrort appear curved, and for the same reason, the features 
of the ftce appear out of proportion, the nose being too large, 
and die cheeks too small, or narrow. 

The reason why the imajre appears less than (he object is, 
that the convex surface of me mirror has the property, as sta 
ted above, of decreasing the convergency c^ the incidental 
rays by reflection. 

Now, objects appear to us large or small, in proportion to 
the an^e which the rays of light, proceeding from their ex- 
treme parts form, when they meet at the^eye. For it is plain 
that the half of any object will appear under a less angle than 
the whole, and the quarter under a less angle still. Therefore 
the^ smaller an olject is, the smaller will be the angle under 
which it will appear at a ^ven distance. If then a mirror 
makes the angle under whicii an object is seen smaller, the 
object itself will seem smaller than it really is. Hence the 



Fig. 137. 




image of an object, when re- 
flected from the convex mir- 
ror, appears smaller than the 
object itself. This will be 
1*::-^-^^^ understood hy^g, 137. 

Suppose the rays flowing 
from the extremities of the 
object a, to be reflected back 
to c, under the same degrees 
of convergence at which they 
strike the mirror, then as in 



A' 

'^ 
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Why do tbe featorai of the face appear out of proportion, by this imrror 1 
Why oiaiiDfl an image reflected from a conTez surface appear smaller than the 
oUect % Why does the half of an object appear to the eye smaller than th« 
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Fig. 138. 



the plane mirror, the image d^ would iippear of the same size 
as the object a; for if the rays from a were prolonged behind 
the mirror, they would meet at by but forming the same an^le, 
by rejection, that they would do, if thus prolonged, the obiect 
seen from b, and its unage from c, would appear of the same 
dimensions. 

But instead of this, the rays from the arrow a, being ren- 
bered less converffent by reflection, are continued onward, and 
meet the eye under a more acute angle than at c, the angle 
under which they actually meet, being represented at e, con- 
sequently the imaffe of the object is shortened in proportion 
to the acuteness of this angle, and the object appears diminish- 
ed, as represented at o. 

The image of an ol)gect, as alrea- 
dy stated, appears less as the ob- 
ject is removed to a greater dis- 
tance from the mirror. 

To explain the reason of this, let 
us suppose that the arrow a, fig* 
138, is diminished by reflection 
from the convex surface, so that its 
image appearing at d, with the eye 
at c, shall seem as much smaller in 
proportion to the object, as d is less 
than a. Now, keeping the eye at the same distance from the 
mirror, withdraw the object, so that ft shall be equally distant 
with the eye, and the image will gradually diminish, as the 
arrow is removed. 

The reason of this will be made 
plain by the next figure ; for as the 
arrow is moved backwards, the an- 
gle at (?, fig. 139, must be diminish- 
ed, because the rays flowing from 
the extremities of the object &11 a 
greater distance before mey reach 
the surface of the mirror ; and as 
the ingles of the reflected rays 
bear a proportion to thos^ of tne 

^ Suppoie the angtos e and b, fig. 137, are equal, will tHere be any difieienoe 
between the dze of the object and its image 1 How is the image affected, 
when the object is withdrawn fi-om the sunkce of a convex minor 1 J Ex- 
plain fignras 138 and 139, and show the reason why the images are diapddi' 
ed when the objects are removed fh>m the convex nurror. 




Pig. 139. 
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incideai ones, so the an^ le of vision will become less in pro 
portion as the object is withdrawn. The effect therefort 
of withdrawing the obje et, is first to lessen tfae distance be- 
tween the converging rays, flowing from it, at the point where 
they strike the mirror, and as a consequence to aiminish the 
angle under which the reflected rays convey its image to the 
eye. 

In the plane mirror, as already shown* the image appears 
exactly as far behind the mirror as the object is before it, but 
the convex mirror shows the image just under the surface, or, 
when the object is removed to a distance, a little way behind 
it. To understand the reason of this difference, it must be 
reniembered, that the plane mirror makes the image seem as 
far behind, as the object is before it, because the rays are re- 
flected in the same relative position, at which they fall upon 
its surface. Thus, parallel rays are reflected parallel ; diver- 
gent rays equally divergent, and convergent rays equally con- 
vergent But the convex mirror, as also above shown, reflects 
convergent rays less convergent, and divergent rays more di- 
vergent, and it is frcm this property of the convex mirror that 
the image appears near its surface, and not as far behind it as 
the object is before it, as in the plane mirror. 

Fig. 140. a. ^^^ ^^ suppose that a, fig. 140, is a 

luminous point, from which a pencil of 
diverging rays fall upon a convex mir- 
ror. These rays, as already demon- 
atrated, will be reflected more divergent, 
and consequently will meet the eye at 6, 
in a wid^ state of dispersion than they 
fell upon the mirror at o. Now, as the 
^ image will appear at the point where 
'^4 n the diverging rays would converge to a 
focus in a contrary direction, were they prolonged behind the 
mirror, so it cannot appear as far behind the reflecting surface 
as the object is before it, for the more widely the rays meeting 
at the eye are separated, the shorter will be the distance at 
which they will come to a point The imase will therefore 
appear at n, instead of appearing at an equal distance behind 
the mirror that the object a is before it 

■ill « ■■ I . ■ I _ U I - ^— »^^p^ ■ 

What ig said to be the firat efieet of withdrawinff the object ftomacoii- 
caye sur&oe, and what the ooneequeiioe on the ande of leflecled rayal Ex< 
plun the raaaoa why the image appears near the nxr&oe of the eonvteic 
nuRor. 
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Concave Mirror. The shape of the concave mirror^ is ex- 
actly tike that of the convex mirror, the only diiSsrence be^ 
tween them being in respect to their reflecting surfaces. The 
reflection of the concave mirror takes place from its inside, 
or concave surface, while that of the convex .mirror is from 
the outside, or convex surface. Thus the section of a metallic 
sphere, polished on both sides, is both a concave and convex 
mirror, as one or the other side is employed for reflection. 

The effect and phenomena of this mirror will therefore be, 
in many respects, directly the contrary from those already de- 
tailed in reference to the convex mirror. 

From the plajie mirror the relation of the incident rays are 
not changed by reflection ; froip the convex mirror they are 
dispersed ; but the concave mirror renders the rays reflected 
from it more convergent, and tends to concentrate them into a 
focus. 

The surface of the concave mirror, like that of the convex, 
may be considered as a great number of minute plane mirrors, 
inclined to each other at certain angles, in proportion to its 
concavity. 

The laws of incidence and reflection, are the same when 
applied to the concave mirror, as those already explained in 
reference to the other mirrors. 

In reference to the concave mirror, let 
us, in the first place, examine the effect of 
two plane mirrors inclined to each other, 
as in flff. 141, on parallel rays of liffht. 
The incident rays, a and 5, being parallel 
before they reach the reflectors, are thrown 
off at uneoual angles in respect to each 
other, for o falls on the mirror more ob- 
liquely than a, and consequently is thrown 
off more obliquely in a contrary direction, 
therefore, the angles of reflection being 
equal to those of incidence, the two rays meet at c. Thus we 
see that the eflfect of two plane mirrors inclined to each other, 
is to make parallel rays converge and meet in a focus. 

What 18 the ahape of the concave minor, and in what respect does it dUfoT 
fipom the oovvez minor 1 How may convex and concave minors be united 
in the same instnmentl What » the difference of efiect between the con- 
cave, convex, and plane roinon, on the reflected rays ? In what lespeet may 
the concave ra&rror be comddeied as a number of plane mizrocsl 

14» 
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The mmb rmuh would take ptece» whetiier the ndrror wad 
one conliiiued eirde, or an infiniie number of small mirrors 
inclined lo each other in the same relation as the different 
|Mffts of die circle. 

The effect of this mirror, as we have seen, being to r^uler 
pandlel lays converffent^ the same principle will render di- 
verging rays paFalleft and ccHiyerging rays still more cpurer- 
gent 

The JbcuB of a concave mirror is the point where the rays 
are brought together by reflection. The centre of concavity 
in a concave mirror, is the centre of the sphere, of which the 
mirror is a part In idl concave mirrors, uie focus of parallel 
ra^s, or rays failing directly from the sun, is at the distance 
of half the semi-diiuneter of the sphere^ or globe, of which the 
reflector is a part 

Fig. 143. Thus, the parallel rays 1 . 

% 3, 6lc. fig. 142, all meet 
at the point o, which is 
half the distance between 
^ the centre a of the whole 
t sphere, and the sur&ce 
of the reflector, and there- 
fore one quarter the dia- 
meter of the whole sphere, 
of which the mirror is a 
part 

In concave mirrors o{ 
all dimensions, the re- 
flected rays follow the 
same law ; that is, paral' 
Jel rays meet and cross 
each o^r at the dbtance of one fourth the diameter of the 
sphere of which they are sections. This point is called the 
prinai^ focus of the reflector. 

But tf the incident rays are divergent, the foctra will be re- 
moved to a greater distance from the surface of the mirror, 
than when thev are paraUel, in proportion to &eir diverffency. 
This m^ht be inferred from the g^iera| laws of incidence 
and reflection, but will be made obvious by fig. 143, where 
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Whaliftthstbcaflof aooQcave ndnorl At what difltaaM nom Its Rir« 
ftofr is tiislbcnBofparaBel rajs in flBfl minor 1 What ii the principal fbeus 
of a eonewte adRDr 1 
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F^. 143 




Fig. 144. 





the diverging rays 1, 2, 3^ 4, form a fo- 
euff at the point o, whereas had they 
been parallel, their focus would have 
been at a. That is, the actual focus is 
at the centre of the sphere, instead of 
I being half way between the centre and 
9 circumference, as is the case when the 
,* incident rays are parallel. The real 
focus therefore is beyond, or without 
the principal focus of the mirror. 
By the same law, converging rays will 
form a point within the principal fo- 
cus of a mirror. 

Thus, were the rays falling on the 
mirror, fig. 144, parallel, the focus 
would be at a ; but in consequence of 
their previous convergency, they are 
brought together at a less distance 
than the principal focus and meet at o. 
The images of objects reflected by 
a convex mirror we have seen, are 
smaller than the objects themselves. 
But the concave mirror, when the ob- 
ject is nearer to it than 
the principal focus, pre- 
sentfl the image larger 
than the object, erect, 
and behind the mirror. 

To explain this, let us 
suppose the object a, fig. 
14^, to be placed before 
the mirror, and nearer 
to it than the principal 
focus. Then the rays 
proceeding from, the 
extremities of the ob- 
ject without interruption 
would continue to di- 
verge i^ the lines o. and 



Fig. 145. 



If the incident rays are fiveigent, where will be the focus ? If the inci- 
dent wpa am cenveigNit, where will be the foeos 1 When wiH the image 
floBi a oGiioave minor be larger than the object, eitoct, and behind the n^irror ? 
Explain fig. 145, and show why th« inags is larger than thd object* 
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n« M seen behind the mirror ; but by reflection Uiey are made 
to diverge iese than before, and conseqaentlyto make the an- 
gle under which they meet more obtuse at the eye 6, than it 
would be if they continued omrard to e^ where they would have 
met without reflection. The result, therefore, ia to render 
the image A, upon the e^e, as much larger than the object a, 
as the angle at the eve is more obtuse than the angle at e. 

On the contrary, if the object is placed more remote from 
the mirror than the principal focus, and between the focus and 
tlie centre of the spnere of which the reflector is a part, then 
the image will appear inverted on the contrary side of the cen- 

Fig. 146. tre, and farther 

from the mirror 
than the object; 
thus, if a lamp be 
placed obliquely 
before a concave 
mirror, as in ^g, 
146, its image 
will be seen in- 
verted in the air on the contrary side of a perpendicular line 
through the centre of the mirror. 

From the property of the concave mirror to form an invert- 
ed image of the object suspended in the air, many curious and 
surprising deceptions may be produced. Thus, when the mir- 
ror, the object, and the light, are placed so that they cannot 
be seen, (which may be done by placing a screen before the 
light, and permitting the reflected rays to pass through a small 
aperture in another screen,) the person mistakes the image of 
tlie object for its reality, and not understanding the deception, 
thinks he sees persons walking with their heads downwards 
and cups of water turned bottom upwards without spilling a 
drop. Again, he sees clusters of delicious fruit, and when 
invited to help himself, on reaching out his hatid for that pur- 
pose, he finds that the object either suddenly vanishes from 
lus sight, owinff to his hiving moved his eye out of the propei 
range, or that it is intangible. 

This kind of deception may. be illustrated by any one who 
has a concave mirror only of three or four inches in diameter, 
in the following manner : 

When will the hnage from the ocmeavs miiTDr be invorted and beftre the 
mirror 1 Whet profM^rty hae the ooneaw ndarror by which ■nfohr djeoep- 
tloni may be produoed? What an theae deee p tiena? - 
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Suppose the tumbler a, to be filled with water, and placed 
beyond the principal focus of the concave mirror, fig. 147t und 
so managed as to be hid from the eye c^ by the screen b. The 
lamp by which the tumbler is illuminated must also be placed 
behmd the screen, and near the tumbler. To a person placed 
at Cf the tumbler with its contents will appear inverted at «, 
and suspended in the air. By carefully moving forward, and 
still keeping the eye in the same line with respect to the mir- 
ror, the person may pass his hand throu^^h the shadow of the 

Kg. 147. 




tumbler ; but without such conviction, any one unacquainted 
with such things, could hardly be made to believe that the 
image was not a reality. 

By placing another screen between the miri-or and the im- 
age, and permitting the converging rays to pass through an 
aperture in it, the mirror may be nearly covered from the eye, 
and thus the deception would be increased. 

The image reflected from a concave mirror, moves in the 
same direction with the object, when the object is within the 
principal focus ; but when the object is more remote than tlie 
principal focus, the image moves in a contrary direction 
from trie object, because the rays then cross each other. If 
a man place "himself directly before a large concave mirror, 
but ferther from it than the centre of concavity, he will see an 
inverted image of himself in the air, between him and the 
mirror, but less than himself. And if he hold out his hand 
towards the mirror, the hand of his image will come out to^ 
ward his hand, and he may imagine that ne can shake hands 

Describe the manner in which a tumbler with its contents may be made to 
■eem inverted in the aur. Why does the image move in a oontnury diracCioii 
finooi its object, when the object is beyond the principal fiiciitl 
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thb mirror, we hand of the image will pass hy his band, and 
come between his hand and hia body ; and if he move his hand 
toward either side, the hand of the image will move in a con- 
iraiy direction, so that if the object moves one way Ihe image 
will move Ihe other. 

The concave mirror, having the property of converging the 
rays of light, is equally efficient in concentrating the rays ol 
hcot, either separately, or with the light. When, therefore, 
such a mirror is presented to the rays of the aun, it brings 
them to a focus, so as to produce degrees of heat in propor- 
tion to the extent and perfection of its reflecting surface. A 
metallic mirror of this kind, of only four or six inches in dia- 
meter, will fuse metals, set wood on fire, &c. 

As the parallel rays of heat or light are brought to a focus 
at the distance of one quarter of the diameter of the sphere, of 
which the reflector is a section, so if a luminous o/ heated 
body be placed at this point, the rays from such body passing 
to the mirror will be reflected from all parts pf its surface, in 
parallel linea ; and the rays so reflected, by the same law, wilt be 
brouffht to a focus by another mirror standing opposite to this 
Fig- lift 



Suppose a red hot ball to be placed in the principal focui> 
of the mirror a, fig. 148, the rays of heat and light proceed 
ing from it will be reflected m the parallel hnes 1, 3, 3, 
jtc The reason of this is the same as that which causea 
piTal lel rays, when falling on the mirror, to be converged to a 
M the njB orhett, u wcfl «■ tbom of 
_Mi —IT— jibodTba 
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focuB. The angles of incidence being equal to ihose of reflec* 
tion, it makes no difierence in this respect, whether the rajra 
pass to or from the focus. In one case, parallel mddent rays 
urom the sun, are concentrated by reflection; and in the o^er, 
incident diverging rays, from the heated ball, are made paral 
lei by reflection. 

The rays therefore, flowing from the hot ball to the mirror 
0, are thrown into parallel lines by reflection, and these reflect- 
ed rays, in respect to the mirror ft, become the rays of inci- 
dence, which are again brought to a focus by reflection. 

Thus the heat ot the ball, by beinff placed in the focus of 
one mirror, is brought to a focus by me reflection of the other 
mirror. 

Sereral striking experiments may be made with a pair of 
concare mirrors placed facing each other as in the figure. If 
a red hot ball be placed in the focua of a, and some ffun pow- 
der in the focus of ft, the mirrors being ten or twenty feet apart, 
according to their dimensions, the powder will flash by the 
heat of tne ball, concentrated by the second mirror. To show 
that it is not the direct heat of the ball which sets fire to the 
powder, a paper screen may be placed between the mirrors 
until every thmg is ready. The operator will then only have 
io remove the screen, in order to flash the powder. 

To show that heat and light are separate principles, place 
a piece of phosphorus in the focus of ft, and when the ball is 
so cool as not to be luminous, remove the screen^, and tlie 
phosphorus will instantly inflame. 

Refraction by Lenses. 

A Lens is a transparent body, generally made of glass, and 
j^ shaped that the rays of liffht in passing through it are ei- 
ther collected together or dispersea. Lens is a Liatin word, 
which comes from lentiley a small flat bean. 

It has already been shown, that when the ravs of light pass 
from a rarer to a denser medium, they are refracted, or bent 
out of their former course, except when they happen to fall 
perpendicularly on the surface of the medium. 

The point where no refraction is produced on perpendicu- 
lar rays, is called the cLxis of the lens which is a right line 

Ezpl^ fiff. 148| and show why the rays from the focus of a aie oon- 
oentrated in ue focus b. What curious experiments may be made by two 
concave minoxs placed opposite to each other 1 How may it be shown that 
heat and fight an distinct princ-'ples? Whatiialeiii? 



IM LEKSES. 

jiMiiii^ through iu centre, end perpendicular to both its sur 

MCM. 

In ereiT beam of li^t, the middle ray is called its ajn». 

Rayi of light are said to fall directly upon a lens, when 
ihrir axes coincide with the axes of the fens ; ofiterwise they 
are said to fall ohligtuly. 

The point at which the nys of the inn are collected, by 
fMflaing through a lens, is called the iirini:fp(i//octM of that Ie~ ~ 

...._._ , . ,-, dliHTer---'- ' ■ ■ 



lieoses are of various kinds, and nave received certain names. 
Intend' ... ,.— ... 

•tfiff.1 



dq>endinf on dieir shapes. The different kinds are shown 
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A prUm, seen at a, has two plane surfaces, a r, and a s, in 
rhnM to each other. 

A plane glass, shown at b, has ivo plane surfaces, paralle) 
to each o&er. 

A spherical lens, c, is a ball of glasa, and has ererj part of 
'ts surface at an oqual distance from the centre. 

A double concave lens, d, is bounded by two convex surfaces 
opposite to each other. 

A planoconcave letis, e, is bounded by a convex sur&ce on 
•>ne side, and « plane on the other. 

A double-eoncaoe lens,f, is bounded by two concave spheri- 
cal surfaces, oppusite to each other. 

A plano-concave lens,g, is bounded by a plane sur&ce on 
one side and a concave one on the other. 

A mentsctu, k, is bounded by one concave and one convex 
spheriea] surface, which two-surfaces meet at the edge of the 
lens. 

A concatio-coTttex lens t, is bounded by a concave and con* 
vex sur&LC, but which diverge from each other, if continued, 

What ii OiB axis or ■ lena 1 In what part of a lens is tm TeOnctian pro- 
dncedl WhneBlheBiuarabeunoflight? When are n3F( of E^ aaU 
la CtD flMtl? upon > If'" 1 ^<" atBav klnda of Isnaa are mmlkinRl 1 
What i> A? nam of each 7 How aie each of (bcw Icimh banmled 7 
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The efiects of the prism on the rays of light wiU he shown 
in anotlier place. The refraction of the plane glass, hends the 
parallel rays of light equally^ towards the perpendicular, as 
ahready shown. The sphere is not often employed as a lens, 
since it is inconvenient m use. 

Chnvex lens. It has been shown in a former part of this 
article, that when a ray of light passes obliquely out of a 
rarer into a denser medium, it is refracted, or turned out Of 
its former course. 

Suppose,, then, there is presented to the rays of Hght, a piece 
of glass, with its surface so shaped, that all the rays, except 
those which pass through its axis, are refracted towards tnc 
perpendicular, it is obvious that they would all finally meet 
the perpendicular ray, and there form a focus. 

The focal distances of convex lenses, depend on tnehr de- 
grees of convexity. The focal distance of a single, or plaui)- 
convex lens, is the diameter of a sphere, of which it is a sec- 
tion. 

Fig. 15a If the whole circle, ^g. 

150, be considered the 
circumference of a sphere 
of which the plano-convex 
lens, ft a, is a section, 
then the focus of parallel 
rays, or the principal fo- 
cus, will beat the oppo- 
site side of the sphere, or 
at c. 

The focal distance of a 
double convex lens, is the 
radius, or half the diameter of tlie sphere of which it is a part. 
Hence the plano-convex lens, being one half the double con- 
vex lens, the latter has about twice the refractive power of 
the former ; for the rays suffer the same degree of refraction 
in passing out of the one covex surface, ihat they do in pass- 
ing into me other. 




On what do the {ocal distances of coy\vex lenses depend 1 What is the fis- 
cal distance of any plano-convex lens 1 What U the focal distance of the 
double convex lensl What is the shape of tne double convex lens ir 

15 



iro 



LENSES. 




Rf . IftL Hie shape of the dou- 

ble convex lens, d c« fig 
151, is that of two piano 
convex lenses, placed with 
their plane surfaces in 
contact, and consequently 
the focal distance of this 
lens is nearly the centre of 
the sphere.of which one of 
its surfaces is a part If 
parallel rays fall on a con- 
vex lens, it is evident that 
the ray only, which penetrates the axis and passes towards tiie 
centre of the sphere, will proceed wUhout refraction, as shown 
in the above figures. All the others will be refracted so as to 
meet the perpendicular ray at a greater or less distance, de 
pending on the convexity of the lens. 

If diverging rays fiiU on the surface of the same lens, they. 
will by refraction, be rendered less divergent, parallel, or con 
vergent, according to the degrees of their divergency, and the 
convexity of the surface of me lens. 

Fig. 153. Thus, the diverging 

rays 1, 2, 6lc, fig.' 
152^ are refracted by 
the lens a o, in a de- 
gree just sufficient to 
render them parallel, 
and therefore would 
pass off in right 
lines, indefinitely, or 
without ever forming 
a focus. It is obvious 
by the same law, that were the rays less divergent, or were 
the surface of the lens more convex, the rays in fig. 152 would 
become convergent, instead of parallel, because the same re- 
fractive power which would render divergent rays parallel, 
would make parallel rays convergent, and converging rays 
still more convergent. 




Hofw an diveigent rays affected by {Mflring through a convex lens t What 
its efiect on pualld rays ? What is its effect on oonTeiging rays 1 
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Thus, the peneil^ of conrergmg rays, 
^g. 153, are rendered still more conver- 
gent by their passage through the lens, 
and are therefore brought to a focus near- 
er the lens, in proportion to their previous 
convergency. 

The eye glasses of spectacles for old 
people are double convex lenses, more or 
less spherical, according to the age of the 
-person, or the magnifying power required. 
The common burning glasses, which are used for lighting 
cigars, and sometimes K)r kindling fires, are also convex len- 
ses. Their effect is to concentrate to a focus, or point, the 
heat of the sun which falls on their whole surface ; and hence 
the intensity of their effects is in proportion to the extent of 
their surfaces, and their focal lengths. 

One of the largest burning glasses ever constructed, was 
made by Mr. Parker, of London. It was three feet in diameter, 
with a focal distance of three feet nine inches. But in order 
to increase its power still more, he employed another lens 
about a foot in diameter, to bring its rays to a smaller focal 
point. This apparatus gave a most intense degree of heat, 
when the sun was clear, so that 20 grains of gold \^ere melted 
by it in 4 seconds, and ten grains of platina, tne most infusible 
of all metals, in 3 seconds. 

It has been explained, that the reason why the convex mir- 
ror diminishes the images of objects is, that the rays which 
come to the eye from the extreme parts of the object are ren- 
dered less convergent by reflection,, from the convex surface, 
and that, in consequence, the angle of vision is made more 
acute. 

Now, the refractive power of the convex lens has exactly 
the contrary effect, since by converging the rays flowing from 
the extremities of ah object, the visual angle is rendered more 
obtuse, and therefore all objects seen through it appear mag- 
nified. 



What kind of lenses are spectacle glasses for old people 1 What is said to 
w the diameter of Mr. Parker's great convex lens 1 What Is the focal dis- 
iance of this lens 1 Whai is said of its heating power 1 What is the visoal 
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FIf* IM. Suppose the object a, ^g. 

154« appears to the naked eye 
of the length represented in 
the drawing. Now, as the rays 
coming from each end of the 
object, form, by their conver- 
gence at the eye, the visual angle^ or the angle under which 
the otject is seen, and we call objects lar^e or small, in pro- 
portion as this anffle is obtuse or acute, if merefore the object 
a be withdrawn ^rther from the eye, it is apparent that the 
rays 9, 0, proceeding from its extremities, will enter the eye 
under a more acute angle, and therefore, that the object will 
apfoear diminished in proportion. This is the reason ^hy 
things at a distance appear smaller than when near us. When 
near, the visiaal angle is increased, and when at f| distance, it 
is diminished. 

Fig. 156. The effect of the convex lens is to in- 

crease the visual anffle, by bending the 
rays of light coming from the object, so as 
to make tnem meet at the eye more oh 
tusely ; and hence it has the same effect, 
.■^ in respect to the visual angle, as bringing 
the object nearer the eye. This is shown 
by fig. 135, where it is obvious, that did 
the rays flowing from the extremities of 
the arrow meet the eye without refraction, 
the visual angle would be less, and therefore the object would 
appear shorter. Another effect of the convex lens, is to ena- 
ble us to see objects nearer the eye, than without il^ as will be 
explained under the article vision, 

Now, as the rays of light flow from all parts of a visible ob 
ject of whatever shape, so the breadth, as well as the lengtli, is 
mcreased by the convex lens, and thus the whole object ap- 
pears magnified. 

Ctm^iwe J^ns, The effect of the concave lens is directly 
opposite to that of the convex. In other terms, by a concave 
lens, parallel rays are rendered diverffing, converging rays 
have their convergency diminished, and cuverging rays have 

*' ^— ^^Ml I— ^W^— ■ ^ M I Mi ■■■■■■^1^ 11 ■ III liai M !■ ■■ I Ml ■■■* ■■■■■■ ■— i— .^i^^— ^■^^■^— ^>^ii^1»|WPB ■■ 

Why does the lame object, when at & distance, appear smaller than when 
near 1 What is the eflect of the convex lens on me visual an^e ? Why 
does an oljeot appear laiger Uiiough the convex lens than otherwise ? What 
is the effisot of ue concave fens ? What eSEect does this lens have upon 
panOM, div«iging, and conveiging lays 1 
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Pig. 157. 



tiM;ir divergency increased, according to the concavity of the 
leiis. 

These glasses, therefore, exhibit things smaller than^ they 
really are, for by diminishing the convergence of the n^s 
eommg from the extreme points of an object, the visual angle 
is rendered more acute, and henee the object appears diminish- 
ed by this leiis, for the opposite reason tnat it is increased by 
the convex lens. This will be made plain by the two follow- 
ing diagrams. 

Suppose the object a b, fig. 156, 
to be placed at such a distance 
from the eye, as to give the rays 
flowing from it, the dec^rees of 
convergence represented in the 
figure, and suppose that the rays 
enter the eye under such an an^ 
gle as to make the object appear 
two feet in length. 

Now, the length of the same ob- 
ject, seen through the concave 
lens, Gg. 157> wiU appear dimin- 
ished, because the rays coming 
from it are bent outwards, or made 
less convergent by refraction, as 
seen in the figure, and conse- 
quently the visual angle is more 
acute than when the same ob- 
ject is seen by the naked eye. Its length, therefore, will ap- 
pear less, in proportion as the rays are rendered less conver- 
gent. 

The spectacle glasses of short-sighted people are concave 
lenses, by which the images of ob|ects are formed further 
back in the eye than otherwise, as will be explained under the 
next article. 

Vision. 

In the application of. the principles of optics to the explan- 
ation of natural phenomena, it is necessary to give a descrip- 
tion of the most perfect of all optical instruments, the eye. 

Why do objects appear tmaller through this glass than they do to the nar 
ked eye 1 Explain figures 156, and l5n\tLnd show the reason why the same 
object appears smaller through 157. What defect in the eye requires con- 
cave lenass ? What is the most perfect of all opticallnstrnmentsl 
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section of the humwicra. 
It» Anrm k nearly glomi- 
lar, with a i^ght projec- 
tion or elongation m 
front It eonsists of four 
coats, or membraties ; 
namely, the sderotie^ ^ 
3 cornecLy the choroid^ and 
the retijut. It has two 
fluids confined within 
these membrancb, called 
the aqueous^ and the vUreoua humours, and one lens, called 
tiie crystalline. The sclerotic coat is the outer and strongest 
membrane, and its anterior part is well known as the white of 
the eye. This coat is marked in the figure a, a^ a, a. It is 
joined to the cornea, bf 6, which is the transparent mem- 
orane in front of the eye, through which we see. The 
choroid coat is a tMn, delicate membrane, which lines the 
sclerotic coat on &e inside. On the inside of this lies the 
retina^ (2, d, d, d^ which is the innermost coat of all, and is an 
expansion, or con^nuation of the optic nerve o. This expan- 
sion of the optic nerve is the immediate seat of visjion. The 
iris, 0, ov is seen through the cornea, and is a thin membrane, 
or curtain, of different colours in different persons, and therefore 
gives colour to the eyes. In black eyed persons it is black, in 
blue eyed persons it is blue, ^c. Through the iris, is a cir- 
cular openinff, called the pupiU which expands or enlarges 
when tne li^t is fidnt, and contracts when it is too strong. 
The space TOtween the iris and the cornea is called the ante- 
riar charnher of the eye, and is filled with the tLoueous humor, 
so called from its resemblance to water. Benind the pupil 
and iris is situated the crystalHne lens e which is a firm and 
perfectly transparent body, through which the rays of Kght 
))ass from the pupil to the retina. Behind the lens is situated 
the posterior ckamber of the eye, which is filled with the vitre- 
0Hs\unwrf v, v. This humor occupies much the largest por- 

What k the form of the human eye ? How many coats, or membranes. 
haallMtiyel What are thejr oalled 1 How many fluicb hag Ae eye, and 
^PvlMtaiN Uk»Y callodf What is the lens of the eye called 1 Whateoat 
liiiRM ^ whm of the wtl Describe where the several coats and humfl» 
ftTf itt^aliil WhMiiUietiist What is the retma? Where is the senac 
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liaii of die whole eye, and on h depends tlu ^pe utd per- 

BMmencr of the organ. 

Ftmn' the above description of the eye, it will be easy to 
tnce tfae.prOjg;reMofthe nya of li^t through its serenl parts, 
and to e^dain in what manner rinon to performed. 

In doiii^ thic, we must keep in mind that the ny» of light 
proceed (torn every part and point of a vtoible object, as here- 
tofore stated, and tlut it is necessaiy <»ily for a fbw of Uie 
Tays, when compared with the whole number, to enter the 
,eye, in order to make the object risible. 

™" *'" Thus, the object a 6, fig. 

ISO, beinff placed in the light, 
sends forui pencSs of mys in 
all possible directions, some 
of which will strike the eye in 
any position where itis visible. 
These pencils of rays not only 
fiow from the points designa- 
ted in the figure, but in the 
same manner &nm every other 
"wint on the Bur&ce of a visi- 
ile object To render an ob- 
ject visible, therefore, it is only 
necessary that die eye should 
collect M)d concentrate a suf- 
ficient numlier of these rays 
on die retina to form its 
»Ws 
kiage the sensation of vi 





From the luminoos body Z, fig. 100, the pencils of rays flow 
in all directions, but it is only by those which enter the pnpjl, 
that we gain any know ledge of its enatence ; and even these 

What is the dedrn of fig. 159 1 What ii nici coneraning the small num. 
n which enter tbs eye fhxn k fWUi ol^Kt T Ezplain the lie. 
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would convey to the nund no distinct idea of the object, un- 
lc8f they were refracted by the humours of the eye, for did 
these rays proceed in their natural state of dirergence to the 
retina, tne image there formed would be too eztmsive, and 
consequently too feeble to giro a distinct sensation of the 
olject 

It is, therefore, hj the refracting power of the aqueous 
humor, and of the crystalline lens, that the pencils of rays are 
so concentrated as to form a perfect picture of the object on 
the retina. 

We have already seen, that when the rays of light are made 
to cross each other by reflection from the concave mirror, the 
image T>f the object is inverted ; the same happens when the 
nys are made to cross each other by refraction through a 
convex lens. This, indeed, must be a necessary consequence 
of the intersection of the rays: for as light proceeds in 
straight lines, those rays which, come from the lower part of 
an object, on crossing those which come from its upper part, 
will represent this part of the picture on the upper half of the 
retina, and for the same reason the upper part of th^ object 
will be painted on the lower part of the retina. 

Now, all objects are represented on the retina in an inverted 
position ; that is, what we call the upper end of a vertical 
object, is the lower end of its picture on the retina, and so the 
contrary. 

This is readily proved by taking the eye of an ox, and cut- 
ting away the sclerotic coat, so as to make it transparent on 
the back part, next the v;;reous humoi. If now a piece of 
white paper be placed on this part of the eye, the images of 
objects will appear figured on the paper in an inverted position. 
The same effect will be produced on looking at things through 
an eye thus prepared ; Uiey ^vill appear inverted. 



Wh^ would not the rays of light give a distinct idea of the olyoct tvilhout 
refraction b^ the humors of the eyel Explain howit is Uiat the images of 
objects are inverted on the rctuia. What experiment proves that the images 
of objects are Inverted on the retina ? 
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;FV*161. The aetaa] 

position of the 
rertica] object 

Of fig. 16L, 88 

painted on the 
retina, is ther^ 
fore such as is 
represented by 
the figure. The 
rajg fron its 

upper extremity, coming in divergent lines, are converffed 
by the crystalline lens, and fall on the retina at o; whUe 
those from its lower extremity, by the same law, fall on the 
retina at c. 

In order that vision may be perfect, it is necessary that the 
images of objects should be formed precisely on the retina, and 
consequently, if the refractive power of the eye be too smaD, 
or too great, the image will not fall exactly on the seat of vis- 
ion, but will be formed either before, or tend to form behind 
it. In both cases, perhaps, an outline of the object may be 
visible, but it will be confused and indistinct 

If the cornea is too convex, or prominent, the image will be 
formed before it reaches the retina, for the same reason, that 
of two lenses, that which is most convex will have the least 
.focal distance. Such is the defect in the eyes of persons who 
are short sighted, and hence the necessity oi their bringing ob- 
jects as near the eye as possible, so as to roake the rays converge 
at the greatest distance behind the crystalline lens. 

The efi^ect of uncommon convexity in the cornea on the 
rays of light, is shown at fig. 163, where it will be observe 

Fig. 163. 




that the image, instead of being formed on the retina r, is 

Explain fig. 161. Sappoie the vefintotive power of the eye u too great oir 
toe littlG, why will Tiaioii be imperfect 1 If tbe ooniea ii too coQ^ex, whpVB 
vrttl the image be fonned 1 
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suspended in the vitreous humour, in consequence of there 
being too great a refractiTe power in the eye. It is liardiv 
necessary to say, that in this case, vision must be very imper- 
fectly performca. 

/ Tnis defect of sight is remedied by spectacles, the j^lass^ 
of which are concave lenses. Such glasses, by rendering tne 
rays of light less convergent, before Uiey reach the eye, coun- 
teract the too great convergent power of the cornea and lens, 
and thus throw the imase on the retina. 

If,l>n the contrary, the humours of the eye, in consequence 
of age or any other cause, have become less in quantity than 
ordinary, the eye ball will not be sufficiently distended, and 
the cornea will become too flat, or not sufficiently convex* to 
make the rays of light meet at the proper place, and (he lin- 
age will therefore tend to be formed beyond the retina, instead 
of before it, as in the other case. Hence a^ed people, who 
labor under this defect of vision, cannot see distinctly at okdi- 
uary distances, but are obliged to remove the object as far 
from the eye as possible, so as to make its refractive power 
brinr the image within the seat of vision. 

Tne defect arising from this cause is represented by fiffure 
163, where it will be observed that the image is formea beuind 

Fig. 163. 




the retina,- showinff that the convexity of the cornea is not 
sufficient to bring the hnage within tlicseat of distinct vision. 
This imperfection of sight is common to aged persons, and is 
corrected in a greater or less decree by double convex lenses, 
such as the common spectacle glasses. S^ch glasses, by caus- 
ing the rays of light to coiiverge, before-fjbey meet the eye, as- 

How is the sight immoved when the cornea is too convex 1 How do suefa 
tenses act to improve tne sight ? Where do the rays tend to meet whe;> th« 
cornea is not snflkaently convex ? How is vision assirted when the e^e 
wants convexity ? How do convex lenses help the sight of aged people 1 
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suit the refractive power of the crystalline lens, and thus bring 
the focus, or image, within the sphere of vision. 

It has been considered difficult to account for the reason 
why we see objects erect, when they are painted on the retina 
inverted) aiid many learned theories hsve been written to ex- 
plain this fact But it is most probable that this is owing to 
nabit, and that the inyage, at the bottom of the eye, lias no re- 
lation to the terms above and below, but to the position of our 
bodies, and other things which surround us. The tenn per- 
pendicular, and the idea which it conveys to the mind, is 
merely relative ; but when applied to an object supported by 
the earth, and extending towards the skies, we call tfie body 
erect because it coincides with the position of our own bodies, 
and we see it erect for the same reason. Had we been taught 
to read by turning our books upside down, what we now call 
the upper part of Uie book would have been its under part, 
and that reading would have been as easy in that position as 
in any other, is plain from the fact that printers read their 
type, when set up, as readily as they do its impressions on 
paper. 

Angle of Vision, The angle under which the rays of light, 
coming from the extremities of an object, cross each other at 
the eye, bears a proportion directly to the length, and inverse- 
ly to the distance of the object. 

Suppose the object a, b, fig. IC^I, to be four feet long, and 
to be placed ten feet ifrom the eye, then the rays flowing from 

Pig. 164. 




its extremities, woul9 intersect each other at the eye, under a 
given angle, which will always be the same when the object 



\Vhy do we see things enct, 
WW IS 4^6 visual axi^ 1 



when the images are inverted on the retina 1 
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k at the sune distance. If the object be gradually moreil to- 
wards the eye, to the pkce c d, then the an^^ie will be crada- 
all^ increased in quantity, and the object will appear uurger, 
since its image on the retina will be increased in length in the 
proportion as the lines 1 1 arc wider apart than o o. On the 
contrary, were a b removed to a greater distance from the 
first position, it isobvloos that the angle would be diminished 
in proportion. 

The lines thus proceeding from the extremities of an object, 
and representing the rays of liffht, form an angle at the eye, 
which IS called me visual angie^ or the angle under which 
things are seen. The lines anb therefore form one visual 
aneie, and the lines end another visual angle. 

We see from this investigation, that the apparent magnitude 
of objects depending on the angles of vision, will vary accord- 
ing to their distances from the eye, and that these magnitudes 
diminish in a proportion inversely as their distances increase. 
We learn also, from the same principles, that objects of dif- 
ferent magnitudes may be so placed, with respect to the eye, 
as to give the same visual angle, and thus to make their appa- 
rent magnitudes equal. Thus the three arrows a, e, and m 
thouffh difTering so much in length, are all seen under ^e same 
visufd angle. 

In the apparent magnitude of objects seen through a lens 
or when theur images reach the eye oy reflection from a mir- 
ror, our senses are chiefly, if not entirely guided by the angle 
of vision. In forming our judgment of the sizes of distant 
obieets, whose magnitudes were before unknown, we are also 
gmded more or less by the visual angle, though in this case 
we do not depend entirely on the sense of vision. Thus if we 
see two balloons floating in the air, one of which is larger than 
the other, we judge of their comparative magnitudes by the 
diflerence iii their visual angles, and of their real magnitudes 
by the same angles, and the distance we suppose them to be 
from us. 

But when the object is near us, and seen with the naked 
eye, we then judge of its magnitude by our experience, and no" 

How may the visual angle of the same object be increased or diminished 1 
When do objects of difjercnt magnitudes form the same ^visual angle 1 Ex- 
(ilain fig. 164. Under what dicumstances is our sense of vision guided en- 
tirely by the visual angle 1 How do we jud^ of the magnitudes of distant 
otijects 1 How do we judge of the comparative eae of objects near us 1 
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'etiib«ly by iJie vifmal angle. Thus, the ^ree airows, o, 0, m» 
fig< 164, all of them make the same angle on the eye, and yet 
we know by ftirther examination, that they are all of different 
lengths. And so the two arrows a b, and e (2, though seen un- 
derdifierent visual angles, will appear of the same size, because 
experience has taught us that this difference depends only on 
the comparative distance of the two objects. 

As the visual angle diminishes inversely in proportion as 
the distance of the object increases, so when tne distance is 
so great as to' make the angle too minute to be perceptible to 
the eye, then the object becomes invisible. Tnus, when we 
watch an eagle, flying from us, the angle of vision is gradually 
diminished, until the rays proceeding from the bird form an 
image on the retina too small to excite sensation, and then we 
say, the eagle has flown out of sight 

The same principle holds with respect to objects which are 
near the eye, but are too small to form an image on the retina, 
which is perceptible to the senses. Such objects to the naked 
eye, are of course invisible, but when the visual angle is en- 
•larged, by means of a convex lens, they become visible ; that 
is, their images on the retina excite sensation. 

The actual size of an image on the retina, capable of exci 
ting sensation, and consequently of producing vision, may be 
too small for us to appreciate by any of our other senses ; for 
when we consider how much smaller the image must be tlian 
the object, and that a human hair can be distinguished by the 
naked eye at the distance of twenty or thirty feet, we must 
suppose that the retina is endowed with the most delicate sen- 
sibOity, to be excited by a cause so minute. It has been es- 
timated that the image of a man, on the retina, seen at the dis- 
tance of a mile, is not m^re than the five thousandth part of 
an inch in length. 

On the contrary, if the object be brought too near the eye, 
its image becomes confused and indistinct, because the rays 
flowing from it, fall on the crystalline lens in a state too diver- 
gent to be refracted to a focus on the retina. 
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* Vhen does a retreating object become invisible to the eye 1 How does a 
eoitvex lens act to make us see objects which are invisible without it 1 What 
is said of the actual aze of an image oathe retina t Why aiie objects fandis- 
tiiict, when bnM]|^t too near the eyel 
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^- <A Thi> win be M.ppmntahf 
'^^^'^ fig. 165, irhere we soppoM 
thai the object a, is brou^l 
within an inch or two of Uh 
I eye, and that the raja pro- 
1 ceeding froni it enter thepn- 
' pil so obliquely as not to be 
refracted by the lens, ao u 
to form a aislinct image. 
Could we aee abjecCa dis- 
tinctly at the shortest di«lance,- we should be able to ex^minn 
...uigs that are now inriMble, since the visual angle would then 
be increased, and consequently the image on the retina en- 
larged, in proportion as objects were brought near the ere. 
This is proved by intercepting the most diTerfrcnt rays ; in 




which cue an object may be brought ncu the ^e, and will 
then appear rreatly magnified. Make a small orifice, as a jan- 
nole, tnrou^ a piece of dark colored paper, and then lonk 



through die orifiee at small objects, such as the letters of ■ 
print^ book. The letters will appear much magnified. The 
rays, in this case, are refracted to a focus, on the retina, be- 
cause the small orifice preTenls those which are most divergent . 
from entering the eyr, so that notwithstsniliiig the nearness 
of the object, the rays which form the image are near)* 
panllel. 

Optical Instntments, 

Single Microscope. The principle of the ainple micro- 
scope, or convex lens, will be readily understood, if the pupil 
will remember what has been said on the refraction of lenses, 
in connexion with the facts just stated. For, the reason why 
objects appear magnified through a convex lens, is not only 
because the visual angle is increased, but because when 
brought near the eye, the diverging rays from the object are 
rendered parallel by the lens, and are tfius thrown into a con- 
dition to be brought to a focus in the proper place by the hn- 
mors. 

Soi^Kwe objects canU be mxn distinctlr witlun *n inch or two of tbe eyt, 
bow would thcdr dimcnsioiu be aBedad 1 How is it proved (lial objects pUocJ 
near the eye are magnifiEd 1 Hoir doe* ■ iiniD orifiee enaUo lu tn sra 
■D ol^cct dutinctty near the eTcl Whf doei k eanvei lem n»ke on objact 
^ilitiit when neu tba eje 1 
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F|i|. 1G6. Let 0, fig. 166, 

be the distance at 
which an object 
can be seen dis* 
tinctly, and &, the 
distance at which 
the same object is 
seen through the 
lens, and suppose 
the distance of a, from the eye, be twice that of b. Then,, be- 
cause the object is at half the distance that it was before, it 
will appear twice as large ; and had it been seen one third, 
'one fourth, or one tenth its former distance, it would have 
been magnified tliree, four, or ten times, and consequently its 
surface would be increased 9, 10, or 100 times. 

The most powerful single microscopes are made of minute 
globules of glass, which are formed by melting the ends of a 
few threads of spun glass in a candle. Small globules of 
water placed in an orifice through a piece of tin, or other thin 
substance, will also make very powerful microscopes. In 
these minute lenses, the focal distance is only a tenth or 
twelfth part of an inch from the lens, and therefore the eye, 
as well as the object to be magnified, must be brought very 
near the instrument. 

The Compound Microscope consists of two convex lenses, 
by one of which the image is forn>ed within the tube of the 
instrument, and by the other this image is magnified, as seen 
by the eye ; so that by this instrument the oljject itself is not 
seen, as with the single microscope, but we see only its mag- 
nified image. 

The small lens placed near the object, and by which its 
imag-e is formed within the tube, is called the object gkiSSf 
while the larger one, through which the image is seen, is 
called the eye glass, . 

This arrangement is represented at fig. 167. The object a 
is placed a little beyond the focus of the object glass ft, by 
which an inverted and enlarged image of it is formed within 
the instrument at c. This image is seen tlirough the eye 



Explain fig. 166. How are the most powerful single microflcopes madel 
How many fenses form the compound micrdttcope ? Which is the object and 
which the e/e glaosT b the objeet ae^ with this instnunent, or only its 
usage? 




glua d, by which it is a^in ma^ified, and it is at Isal figured 
on the retina in its original position. 

These glaises are set in a case of brass, the object glass be- 
ing made to lake out, so that others of diSerent maenifying 
jiowere rcay be used, as occasion requires. 

The Solar itfi'cro^co^^econsistsofiu'o lenses, one of which is 
called the condenser, because ii is employed to concentrate the 
rays of the sun, in order to illuminHtc more strongly the object 
to be magnified. The other in a double convex lens, of con- 
siderable magnifying power, by which the image is formed. 
In addition to these lenses, there is a plain mirror, or piece of 
common looking-glass, which cnn be moved in any directioD, 
and which reflects the rays of the sun on the cmidenser. 




The olject a, fig. 168, being placed nearly in the focus of 
the condenser b, is strongly illuminated, in consequence of tlie 
nys of the sun being thrown on b, by ibe mirror c. The ob> 
ject is not placed exactly in the foe of the condenser, be- 
cause, in most cases, it would be sooii lestroyed by its heat. 
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% Why ii one of tlra leruei of ii» 
r, — ■,.. ... — ^ of tliB two le 
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tnd because Ihe focal point would illuminate only a small 
extent of surface, but may be exactly in the focus of the small 
l^ns c2, by which no such accident can happen. The lines o o, 
represent the incident rays of the sun, which are reflected on 
the condenser. 

When the solar microscope is used, the room is darkened, the 
only light admitted being that which is thrown on the object 
by the condenser, which light passing throue^h the small lens, 
gives the magnified shadow e, of the small object a, on the 
wall of t}ie room, or. on a screen. The tube containing the 
two lenses is passed through the window of the room, the re- 
flector remaining outside. 

In the ordinary use of this instrument, the object, itself is 
> not seen, but only its shadow on the screen, and it is not de- 
signed for the examination of opaa ue objects. 

When the small lens of the solar microscope is of great 
' ma^ifying power, it presents sortie of the most striking and 
curious of optical phenomena. The shadows of mites from 
jheese, or figs, appear nearly two feet in length, presenting an 
appearance exceedingly formidable and disgusting ; and the 
m sects from common vinegar appear eight or ten feet long, 
and in perpetual motion, resembluig so many huge serpents. 

Telescope, The telescope is an optical instrument, employ- 
ed to view distant bodies, and, in e^eqt, to bring them nearer 
the eye, by increasing the apparent angles under which such 
objects are seen. 

These instruments are of two kinds, namely, refractinff^ 
and reflecting telescopes. In the first kind, the image of the 
object is seen with the eye directed towards it ; in the second 
kinjl, the image i3 seen by reflection from a mirror, while the 
back is towards the object, or by a double reflection, with tlie 
face towards the object. 

The telescope is the most important of all optical instru- 
ments, since it unfolds the wonders of other worlds, and gives 
us the means of calculating the distances of the heavenly bo- 
dies, and of explaining their phenomena for astronomical and 
nautical purposes. 

The principle of the telescope will be readily comprehend^ 
cd afler what has been said concerning the compound micro- 
scope, for the two instruments differ chiefly in respect to the 

Is the object, or only the shadov^, seen by this instrument? What is a 
teleflcope? How many kiads of telescopes are mentioned) What Is the dif- 
ference between them 1 In what respect does the ire&ac6ng telescope difier 
ficom the compotmd nucroflcopc 1 
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pbee of die object lens, that of the micf oseope having a short 
«^iik that of the telescope has a long, focal distance. 

Rtfracting Telescope* The most simple refracting teles- 
scope consists of a tube, containing two convex lenses, uie one 
having a long, and the other a short, focal distance. (The 
fiical distance of a double convex lens, it will be remembered, 
is nearly the centre of a sphere, of which it is a part.) These 
two lenses are placed in the tube, at a distance from each 
other equal to the sum of their two focal distances. 

Fig. IGO. . 




Thus, if the focus of the object glass a, fig. 169, be eight 
inches, and that of the eye ^lass b two inches, then the ms- 
tance of the sums of the foci will be ten inches, and, there- 
fore, the two lenses must be placed ten inches apart; and the 
same rule is observed, whatever may be the focal lengths of 
any two lenses. . 

Now, to understand the effect of this arrangement^ «»uppose 
the rays of light, c d, coming from a distant object, 9^ a star, 
to fall on the object glass a, m parallel lines, arid to be refract- 
ed by the lens to a focus at e, where the image of the «4ar will 
be represented. This image is then magnified by the eye 
glass 6, and thus, in effect, is brought near the eye. 

All that is effected by the telescope, therefore, is to f(»^n an 
image of a distant object, by means of the object ien« and 
then to assist the eye in viewing this image as nearly a« ][>os- 
sible by the eye lens. 

It is, however, necessary here to state, that by the Ji»st 
figure, the principle only of the telescope is intended to be ex- 
plained, for in the common instrument, with only two glasses, 
the image appears to the eye inverted. 

The reason of this will be seen by the next figure, where the 
direction of the rays of light will show the position of the image. 

How ifl th0 most simple nSnd&og teleaoo]^ fbnned 1 Which is the object, 
md which the eye ieiu, in fig. 169 7 What is the rule hy which the distanoe 
of the two glasses apart is found 1 How do the two giaiaes act, to hrix^ an 
obfect near the eye f * 
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Suppose Oy fig. 170, to be a distant object, from which pencils 
»)t' rays flow from every point toward the object lens b. The 
image of a, in consequence of the refraction of the rays by 
the object lens, is inverted at c, which is the focuif of the eye 
glass df and through which the image is then seen, stOl m- 
verted. 

The inversion of the object is of little consequence when 
the instrument is employed for astronomical purposes, for 
since the forms of the heavenly bodies are spherical, their po^ 
sitions, in this respect, do not affect their general appearance. 
But for terrestrial purposes, this is manifestly a great defect, 
and therefore those constructed for such purposes, as ship, or 
spy glasses, have two additional lenses, by means of which, the 
images are made to appear in the same position as the objects. 
These are called double telescopes. 

Fig. 171. 




Such a telescope $ represented at fig. 171, and consists of 
an object glass a, and three eye glasses, b, c, and d. The eye 
glasses are placed at equal distances from each other, so 
Uiat the focus of one m^y meet that of the other, and thus the 
image formed by the object lens, will be transmitted through 
the other three lenses, to the eye. The rays coming from tne 
object o, cross each other at the focus of the object lens, and 
thus form an inverted image at/. This image being also in the 

Explain fie. 170^ and show how the object cornea to be inverted by the 
two lenaea. How h the faivenion of the object eonected 1 Explain fig. I7I, 
and show why the two additional lenses make the image of the object evect. 
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focus of the fint eye riasst h, the rays having passed througli 
this glass become parallel, for, we have seen, in anotlier place, 
that diverffing rays are rendered parallel by refraction through 
a convex len8.' The rays, therefore, pass parallel to the next 
lens, c, by which they are made to converge, and cross each 
other, and thus the image is inverted, and made to assume the 
original position of the object o. Lastly, this image, being in 
the focus of the eye glass d, is seen in the natural position, 
or in that of the object 

The apparent magnitude of the object is not changed by 
these two atldidonal glasses, but depends, as in fig. 170, on the 
magnifying power of the eye and object lenses ; the two glasses 
being added merely for the purpose of making the image ap- 
pear erect 

It is found that an eye glass of very high magnifying pow- 
er cannot be employed in the refracting telescope, because it 
disperses the rays of light, so that the image becomes indis- 
tinct Many experiments were formerly made with a ^dew to 
obviate this difficulty, and among these it was found that in- 
creasing the focal distance of the object lens, was the most 
efficacious. But this was attended with great inconvenience, 
and expensCf on account of the Icngtli of tube which this mode 
required. These experiments were, however, discontinued, 
and the refracting telescope itself chiefly laid aside for astro- 
nomical purposes, in consequence of the discovery of the re- 
flecting telescope. 

Reficting Telescape. The common reflecting telescope 
consists of a large tube, containing two concave reflecting mir- 
rors, of diflerent sizes, and two eye glasses. The obiect is 
first reflected from the large mirror to tne small one, and from 
the small one, through the two eye glasses, where it is then 
seen. 

In comparing the advantages of the two instruments, it need 
only be stated, that the refracting telescope, with a focal length 
of a thousand feet,^if it could be used, U"ould not magnify dis- 
tinctly more than a thousand times, while a reflecting telescope, 
only eight or nine feet long, will magnify with distinctness 
twelve hundred times. 

Does the addition of these two lenses make any difieiirooe with tlte appa- 
rent magnitude of the object 1 Why cannot a highly magnifying tje glass 
be used in the telescope f What is the most efficadous means ofinorensing 
the power of the refracting telescope 1 How many lenses and wkuM torm 
the refleeting tekssoopelWhat are the advantages of the lellaeCing 0iir th^ 
leftactky tiJescdpel 



TBLE9C0PB. 



m 




The principle and construction of die reilectin§r telescope 
will be understood by fig. 172. Suppose the object o to be at 
such a distance, that the rays of lignt from it pass in parallel 
lines, p, />, to the great reflector, r, r. This reflector bein^ 
concave, the rays are converged by reflection, and cross ^each 
other at a, by which the ima^e is inverted. The says then 
pass to the small mirror, 5, which being aho concave, thev are 
thrown back in nearly parallel lines, and havinflr passed the ^ 
aperture in the centre of the great mirror, fall on the plano-con- 
vex lens e. By this lens they are refracted to a focus, and 
cross each other between e and d, and thus the image is again 
inverted, and brought to its orignal position, or in the position 
of the object. The rays then, passing the second eye glass, 
form the image of the object on the retina. 

The large mirror in this instrument is fixed, but the small 
one moves backwards and forwards, by means of a screw, so 
as to adjust the image to the eyes of different persons. 
Both mirrors are made of a composition, con^sting of several 
metals melt«d together. 

One great advantage which the reflecting telescope possess- 
es over the refracting, appears to be, that it admits of^ an eye 
glass of shorter focal distance, and consequently, of greater 
magnifying power. The convex object glass of tne refracting 
instrument does not form a perfect image of the object, since 
some of the rays are dispersed, and others colored by refrao- 
tion^ This dimculty does not occur in the reflected image 
from the metallic mirror of the reflecting telescope, and conse- 
quently it may be distinctly seen, when more hignly magnified 

The instrument just described is called *' Chregory^s teleS" 
cope^^ because some parts of the arrangement were invented 
by Dr. Gregory. 

Explain fig. 179, and show the conne of the rays fifom the object to the eye. 
Why 18 the small mirror in this instnmient made to move by means of a sciew 1 
What b the advantage of the reflecting telesoofw in respect to theeve giassl 
Why is the telescope with two xeflecton eaDed Gr^goiy's teleioopel 



190 TELE8C0»£. 

In the telescope made by Dr. Herschel, the object is reflect^ 
ed by a mirror, as in that of Dr. Gregory. But the second. 
or small reflector, is not employed, the image foeing seer 
through a convex lens, placed so as to magiiify the image of 
die larffe mirror, so that the observer stands with his back to- 
wards me object 

' The magnifying power of this instrument is the same aa 
that of Dr. Gregory's, but the image appears brighter, because 
there is no second reflection ; for every reflection renders the 
image &inter, since no mirror is so perfect as to throw back 
all Uie rays which fall upon its surface. 

In Dr. HerschePs grand telescope, the largest evier con- 
structed, the reflector was 48 inches in diameter, and had a 
focal distance of 40 feet This reflector was three and a hall 
inches thick, and weighed ^3000 pounds. Now, since the fo- 
cus of a concave mirror is at the distance of one half the semi- 
diameter of the sphere, of which it is a section. Dr. Herschel's 
reflector havinff a focal distance of 40 feet, formed a part of 
a sphere of 160 feet in diameter. 

This great instrument was begun in 1785, and finished four 
years afterwards. The frame by which this wonder to all as- 
tronomers was supported, having decayed, it was taken down 
in 1832, and anotner of 20 feet focus, with a reflector of 18 
inches in diameter, erected in its place, by HerschePs son. 

The largest Herschel's telescope now in existence is that 
of Greenwich observatory, in England. This has a concave 
reflector of 15 inches in Hiameter, with a focal length of 25 
feet, and was erected in 1820. 

Camera Ohscura, Camera obscura strictly signifies a dark- 
ened chamber, because the room must be darkened, in order - 
to observe its effects. 

To witness the phenomena of this instrument, let a room be 
closed in every direction, so as to exclude the light Then 
from an aperture, say of an inch in diameter, admit a single 
beam of light, and the images of external things, such as trees, 
and houses, and persons walking the streets, will be seen 
inverted on the wall opposite to where the light is admitted, or 
on a screen of- white paper, placed before the aperture. 

How does this instrument differ from Dr. Herachel's telescope 1 What 
was the focal distance and diameter of the mirror in Dr. Hencnel's great 
telescope? W]|^re is the largest Herschel's telescope now in existence 1 
What IS the diameter uoid iboed distance of the reflector of this teletiOO|iot 
Describe the pheoomeoa of the camera obscura. 
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The reason why the imtge is inverted, witl be ohriom, 
when it is remembered that the raya proceeding from the 
e rtremities of the object mnat converge in order to pau 
through the sman aperture ; and as the rays o{ light alwava 
proceed in straight lines, they must cross each oUier at the 
point of admission, bb explained under the article Vision. 
Pij. 173. "" -' 




will be 

represented at (2. If a conves lens, with a short tube, be pla* 
ced in the aperture through which the light passes into the 
room, the images of things will he much mori; perfect, and 
iJieir colors more brilliant. 

This inslnimcnt is sometimes 
employed by painters, in order 
to obtain an exact delineation of 
a landscape, an outline of the im- 
age being easily taken, with a 
pencil, when the image is 
thrown on a sheet of paper. 

There are several modifica 
lions of this machine, and amoni; ' 
i them the revolving camera o1>- 
icura is the most inieresting. 

It consists of a smoll house, 
fig. 174, with a plnne rcHeclor, ' 
a b, and a convex lens, c b, pla- 
ced at its top. The reflector is 
fixed at an angle of 45 degrees 
with (he hoiizon, so as to reflect 




Why it Iho image fbrmed by the eiuncra otocun invciW 1 How may ui 
outtine of thi imwe tbimrd i^ tbc camera obscun ba taken 1 Drocribe (tw 



HAOtC LANTeKir. 

made lo 



lbs nys of light peTpendieuUrlj downwanls, utA b made I 

nrc^Tc quite •round, in either airection, by pulling a string. 

Now nippoae the Binall hooae to be placed in the open ain, 

with the mirror a b, lamed towards the e*et, then the rays of 



thronfh the convex lens c h, to the table e e, where they wiS 
form in tnimatiire a most perfect and beautiful picture of the 
bndscape in that direction. Then by making the reflector 
rerolve, another portion of the landscape may be seen, And 
thus the objects in all directions can be viewed at k witfwut 
changing the place of (he instrument. 

The Magic Lantern. The Magic Lantern is a microscope, 
on the same prindple as the aolar microscope. But instead 
of beinft used to magnify natural ol^ects, it is commonly em- 
ployed lor amusement, by casting the shadows of sniall trans 
parent paintings done on glass, upon a screen placed at a pro 
— T distance. 

Fig. ITS. 




liet a candle, c, fig. ITS, be placed on the inside of a box, or 
tube, so that its light may pass through the plano-convex lens n, 
nnd strongly illuminate the object o. This ol^ect is eenerallva 
small transparent painting on a slip' of glass, which slides 
through an opening in the tube. In'ordcr to show the figures in 
the erect position, mese paintings are inverted, since their sha- 
dows are again inverted by the refraction of the convex lens n. 
In some of these instruments, there is a concave mirror, d, 
by which the object, o, is more strongly illuminated than it 
' would be by the lamp alone Thn object is magnified by the 

What ia ths nutgic lantern 1 For nhal pnipose n thiB hutnnocal «» 
fiajtJ 1 DRBcrihe the eoiwtructioD uid «fi«cl of On roapc laatcni. 
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^oulble eonyex lens, m, w^ii/^.h is moveable in the tube by a 
screw, so that its focus can be adjusted to the required dis- 
tance. Lastly, there is a sc 'een of white cloth, placed at the 
proper distance, on which the image, or shadow of the pic- 
ture« is seen greatly magnified. 

The pictures, being of various colors, and so transparenti 
that the light of tlie lamp shines through them, the shadows 
are also of various colors, and tlius soldiers and horsemen 
are represented in their proper costume. 

Chromatics^ or the philosophy of Colors, 

We have thus far considered light as a simple substance, 
and have supposed that all its parts were equally refracted, in 
its passage through the several lenses described. But it will 
now be shown that light is a compound body, and that 
each of its rays, which to us appear white, is composed of 
several colors, and that each color suffers a different degree 
of refraction, when the rays of light pass through a piece of 
glass, of a certain shape. 

The discovery, that light is a compound substance, and 
that it may be decomposed, or separated into parts, was made 
by Sir Isaac Newton. 

If a ray, proceeding from the sun, be admitted into a dark- 
ened chamber, through an aperture in the window shutter, 
and allowed to pass through a triangular shaped piece of fflass, 
called a prism, the light will be decomposed, and instead of a 
spot of white light, there will be seen on the opposite wall, a 
jmost brilliant display of colors, including all those which are 

«een in the rainbow. 

Pig. 176. 




Who made the discovery that light is a comptiuid substance 1 In what 

ffuoiner and Hy what means, is li^ht dpcomposod? 

17 
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Sappose 9t fig. ITS, to be a ray from tlie toil, admitted 
dtrougli the window shutter a, in such a direction as to fell on 
the fioor at c, where it would form a round, white spot Now« 
on interposing the prism p, the ray will be refracted, and at the 
same time decomposed, and will form on the screen m n, an 
oblong figure, containing seven colors, which will be situated 
in respect to each other, as named in^he figure. 

It may be observed that of all the colors, the red is lea6i 
refracted, or is thrown the smallest distance from the direc- 
tion of the original sun beam, and that the violet is most re- 
fracted, or bent out of that direction. 

The oblong image containing the colored rays, is called 
the solar or prismatic spectrum. 

That the rays of the sun are composed of the seven colors 
above named, is sufiiciently evident by the fact, that such a 
ray is divided hito these several colors by passing through 
tlie prism, but in addition to this proof, it is round by experi- 
ment, that if these several colors oe blended or mixed tog^ 
er, white will be the result 

This may be done by mixing together seven powders, whose 
colors represent the prismatic colors, and whose quantities are 
to each other, as the spaces occupied by each color in the 
spectrum. When this is done, it will be found that the re- 
sulting color will be a greyish white. A still more satisfactory 
proof that these seven colors form white, when united, is ob- 
tained by causing the solar spectrum to pass through a lens, 
by which they are brought to a focus, wnen it is found that 
the focus will be the same color as it would be from the 
original rays of the sun« 

From the oblonff shape of the solar spectrum, we learn tliat 
each of the colored rays is refracted in a difierent degree by 
pi|ssing through the same medium, and consequently that each 
ray has a refractive power of its own. Thus from the red to 
the violet, each ray m succession, is refracted more than the 
other. 

Hie prism is put the only instrument by which light can be 

What 9n the prismatic colors, and how do they succeed each other in tbt 
qiertniinl Which color is refracted most, and which least 1 When tiie ae- 
vcrai prifmatic colon are Hended, what color is the result 1 When the solar 
tmm is made to pass through a Ions, what is the color of the €ocob^ 
' do we l«um that eadi colored ray has a refractive power of its ownt 
: bat otfiermeaiMi beads the prism, ewi the laTf if %ht be deco mp oaed ^ 




ftAiNBOw; 19S 

decompofted. A soap bubble blown up in die sun wil) display 
most of the prismatic colors. This is accounted for by sup- 
posing that me sides of the bubble vary in thickness, and 
that the rays of light are decomposed by these variations. 
The unequal surface of mother of pearl, and many other shells, 
send forth colored rays on the same principle. 

Two surfaces of polished jzlass, when pressed together, will 
also decompose the light. Rings of colored light will be ob- 
served round the point of contact between the two surfaces^ 
and their number may be increased or diminished by the 
degrees of pressure. Two pieces of common looking glass, 
pressed together with the nngers, will display most of the 
prismatic colors. 

A variety of substances, when thrown into the form of the 
triangular prism, will decompose the rays of lidit, as well as 
a prism of glass. A very common instrument for this purpose 
is made by putting together three pieces of plate ^ass, in 
form of a prism. The ends may be made of wood, and the 
edges cemented with putty, so as to make the whole water 
tight When this is filled, with water and held before a sun 
beam, the solar spectrum will be formed, displaying the sama 
colors, and in the same order, as that above described. 

In making experiments with prisms filled with difiTerem 
kinds of liquids, it has been found that one liquid will make 
the spectrum longer than another ; that is, the red and violet 
rays, which form the extremes of the spectrum, will be thrown 
farther apart by one fluid, than by another. For example, if 
the prism be filled with oil of cassia, the spectrum formed by 
it will be more than twice as long as that formed by a prism 
of solid glass. The oil of cassia is therefore said to disperse 
the rays of light more than glass, and hence to have a great- 
er dispersive power. 

The Rainbow. The rainbow was a phenomenon, for which 
the ancients were entirely unable to account ; but after the 
discovery that light is a compound principle, and that its coir 
ors may be separated by vanous substances, the solution of 
this phenomenon became easy. 

Sir Isaac Newton, after his great discovery of &e compound 

" " ' ^ ■ ' ' ' " ■ ■ ' -.11 . 

How may l^ht be decompotted.bv two jHeees of daw'? Of whatsab- 
ftanoes may pnftins be formed, besideB glass? What S said of nome fiquidi 
Btttkingthe specbrmn larger than othexB ? What is saki of <M of c$m£n, ift 
this lei^pefAl wliat <fisocnrerf pneeM tiie «zpi^ 
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of licfat, and the dUTerent refrangibilit^ of the colored 
ru aSle to explain the rainbow on optical principles. 



nature 
imys, was 

If a glass fflobe be duspended in a room, where the rays of 
the sun can uiU upon it, uie light will be decomposed, or sepa- 
rated into several colored rays, in the same manner as is 
done by the prism. A well defined spectrum will not, how- 
erer, be formed by the globe, because its shape is such as to 
disperse some of the rays, and converge others ; but the eye, 
by taking different positions in respect to the globe, will ob- 
serve the various prismatic colors. Transparent bodies, 
such as glass and water, reflect the rays of light from botli 
their surfaces, but chiefly from the second surface. That is, 
if a plate of naked glass be placed so as to reflect the image 
of the sun, or of a lamp, to the eye, the most distinct image 
will come from the second surface, or that most distant from the 
eye. The great brilliancy of the diamond is owin? to this cause. 
It will be understood directly, how this princij^e applies to 
the explanation of the rainbow. 

^- 1"^' Suppose the 

circle a 5 c, fig. 
1T7, to represent 
a fflobe or a drop 
of rain, for each 
drop of rain, as it 
y falls through the 
air, is a small 
globe, of water. 
Suppose, also, 
that the sun is at 
5, and Uie eye ol 
the spectator at e. 
Now, it has already been stated, that from a single fflobe, the 
whole solar spectrum is not seen in the same position, but 
tliat the diflferent colors are seen from diflerent places. Sup- 
pose then, that a ray of light from the sun s, on entering 
the globe at a, is separated into its primary colors^and at the 
same time the red ray, which is the least refrangible, is refract- 
ed in the line from a to h. From the second, or inner sur- 
fitce of the globe, it would be reflected to c, the angle of re- 

— - - - —^ — • — " 

Who fint explained the rainbow on optical principles? Why does not a 
glass globe form a weH defined si)cctram 1 From which sur&oe do transpft* 
rent Iwdies chiefly reflect the light ? Explain fig. 177, and show the difiexeol 
refractions, and the zeflectioQ canoemed in fonning the nanbow. 
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IwtioB Mug eml to that of inddotuse. On passing out of 
die globe, ila refraction ai c, would be just equal to the refinc- 
tion of the incident ray at a, and therefore the red ny would 
faU on die eye at <;. All the other colored raTs would follow 
the same law, but because the angles of incidence and those 
of reflection are equad, and because the coloredxays are sepa* 
rated from each other, by unequal refraction, it is obvious tnat 
if die red ray entered the eye at c, none of the odier colored 
mr9 could be seen from the same point 

rrom this it is evident, that if die eye of the spectator is 
moved to another position he will not see the red ray coming 
from the same drop of rain, but only the blue, and if to ano* 
ther position, the green, and so of all the others* But in a 
shower of rain, there are drops at all heights, and distances, 
and diough they perpetually change their olaces, in respect to 
the sun and the eye, as they toll, still tnere will be many 
which wUl be in such a position as to reflect the' red rays to 
the eye, and as many moie to reflect the yellow ray% and so 
of all the other colors. 

¥^lVi This will be made 

obvious by fig. 178, 
where, to avoid 
confusion, we will 
suppose that only 
three drops of rain, 
and consequenUy, 
only three colors 
are to be seen. 

The numbers 1, 
% 3, are the rays of 
the sun, proceeding 
to the drops a, b^ 
c, and from which 
these rays are. re» 
fleeted to the eye,, 
making difierent 
angles with the 
horizontal line A^ 
because one colored 




wappotedj why will only the nd ra; 

ft pnwn looUngat « camlNW moves hii eye/wUl hi ._ 

th0«aii0daBp«F'nBi:t Ezpbmfig. 178, «nd •liaw,why 
odion fttm diflbrem diope of nun. 
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ny k rafinded more dum another. Now rappoae die tedflqr 
cmf reeehes the eye from the drop a, die green fromthedrop 
ft, uid the violet fi^m the drop c, then the spectator woidd see 
a minote ndnbow of three colors. But during a diower of rain, 
all the drops which are in the position of a, in respect to the 
eye, would send forth red lays, and no other, while those in the 
position of hf would emit green rajrs, and no other, and those in 
the position of c, violet rays, and so of all the other prismatic 
colors. Each circle of colors of which the rainbow is formed, 
is dierefore composed of reflections from a vast number of dif- 
ferent drops of rain, and the reason why these colors are dis- 
tinct to our senses, is, that we see only one color from a single 
drop, with the eye in the same position. It follows, then, that 
if we change our position, while looking at- a rainbow, we stiU 
see a bow, but not the same as before, and hence, if there are 
many spectators, they will all see a di^rent rainbow, though it 
appears to be the same. 

There are oilen seen two rainbows, the one fonned as 
above described, and the other which is fainter, appearing 
on the outside, or above this. The secondary bow, as this 
last is called, always has its order of colors the reverse of the 
primary one. Thus the colors of the primary bow, beginning 
with its upper, or outermost portion, are red, orange, yellow, 
du% the lowest, or innermost portion being violet, while the 
secondary bow, beginning witn the same corresponding part, 
is colored, violet, mdigo, d&c. the lowest, or innermost circle 
being red. 

In the primary bow we have seen, that the colored rays 
arrive at the eye after two refractions, and one reflection. 
In the secondary bow, the rays reach the eye after two re- 
fractions, and two reflections, and the order of the colors is 
reversed, because in this case, the rays of light enter the 
lower part of the drop, instead of the upper part, as in the 
primary bow. The reason why the colors are Mnter in the 
secondary than in the primary bow is, because a part of the 
light is lost or dispersed, at each reflection, and tnere being 
two reflections, by which this bow is formed, instead of one, 
%B in the primary, the diflerence in brilliancy is very obvious. 

Do acnrenl persons see the same rainbow at the same time 1 Elzplain ths 
veaaon of this. How are flie colon of the primary and secondary bows a^ 
ranged in respect to each other ? How many refiactions and reflections pR>> 
duoe the secondary bow 1 Why is the secondary bow Ims btiUlant than the 
pfbuuyl 
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~ The direction of a nngle niy» showing how the secondary 
bow is formed* will be seen nt fig. 179. 

Fig. 179. The ray r, 

from the su^, 
enters the 
drop of wa- 
ter at a, and 
is refrficted 
to bj, then 
^ reflected to Cf 
then again 
reflected to 
dj where it 
Buflers . an- 
other refrac- 
tion, and lastly, passes to the eye of the spectator at e. 

The rainbow, being the consequence of the refracted and 
reflected rays of the sun, is never seen, except when the sun 
and the spectator are in similar directions, in respect to the 
shower, it assumes the form of a semicircle, because it is only 
at certain angles that the refracted rays are visible to the eye* 
Of the cowrs of things. The lignt of the sun, we have 
seen, may be separated into seven primary rays, each of 
which has a color of its own, and which ^s dinferent from that 
of the others. In the objects which surround us, both natural 
and artificial, we observe a great variety of colors, which dif- 
, fer from those composing the solar spectrum, and hence one 
might be led to beUeve that both nature and art aflbrd col- 
ors different frpm those afforded by the decomposition of the 
solar rays. But it must be remembered, that the solar spec- 
trum contains only the primary colors of nature, and that by 
mixing these colors in various proportions with each other, 
an indefinite variety of tints, all differing from their primaries, 
m^ be obtained. 

It appears that the colors of all bodies depend on some pe- 
culiar property of their surfaces, in consequence of which, 
they absorb some of the colored rays, and reflect the others. 
Had the surfaces of all bodies the property of reflecting the 

^ : • . 

Why are the colors of (flings different from those of the solar spectrum % 
On wmit do the colors of bo&s depend 1 Suppose all bodies reflected tb« 
same ray what would be the consequence, in regud to color 7 
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fsme ny only, all nature woidd dispky the monoUmy at m 
single color, and our aensea would never have known Ife 
clumui of that variety which we now behold. 

AH bodies appear of the color of that ray, or of a tint depend- 
ing on the several ra^rs which it rejflecta, while dl the ether 
rays are absorbed, or, in other terms, are not reflected. JKaek 
and wkite^ therefore, in a philosophical sense, cannot be consi- 
dered as colors, since the first anses from the absorption of all 
the rays, and the reflection of none, and the last is produced 
by the reflection of all the rays, and tlie absorption of none. 
But in all colors, or shades of color, the rays only are reflect* 
ed, of which the color is composed. Thus the color of grass, 
and the leaves of plants is green, because the surfaces of these 
flid>stance8 reflect only the green rays, and absorb all the others. 
For the same reason the rose is red, the violet blue, and so ot 
all colored substances, every one throwing out the ray of its 
own color, and absorbing all the others. 

To account for such a variety of colors as we see in difller* 
ent bodies, it is supposed that all substances, when made enl^ 
ficiently thin, are transparent, and consequently, that diej 
transmit through their surfaces, or absorb, certain rays of 
tight, while other rays are thrown back, or reflected, as above 
described. Gold, for example, may be beat so thin as to 
transmit some of the rays of light, and the same is true ol 
several of the other metals, which are capable of bein^ ham* 
inered into thin leaves. It is therefore most probable, th»t 
all the metals, could they be made sufliciently thin, would 
permit the rays of light to pass throu^rh them. Most, if not 
quite all mineral substances, though m tlie mass they may 
seem quite opaque, admit the light through their edges, when 
broken, and almost every kind of wood, when made no Uiinoet 
dian writing paper, becomes translucent Thus we may safe- 
ly conclude, tnat every substance with which we are ac- 
rjuainted, will admit the rays of light, when made sufliciently 
Uiin. 

. Transparent colorless substances, whether solid or fluid, 
such as fflass, water, or mica, reflect and transmit light of the 
same color ; that is, the . ligHt seen throagh these bodies, and 
reflected from Uieir surfaces, is white. This is true of all 

Why are not bkick, and wlute, consiileied as cobra 1 Why u the colaf 
pf ffraas gieeal How is the variety of colon accounted ibr, by consulering 
aU WMhes transparent? What is said of the xetiection of oobred light by 
tranaparent subitanoes t 
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transparent sabstances under ordinary circumstances ; but if 
their thickness be diminished to a certain extent, these sub- 
stances will both reflect, and transmit colored light of various 
hues, according to tlieir thickness. Thus the thin plates of 
mica, which are left on the fingers, after handling that sub- 
stance, will reflect prismatic rays of various colors. 

There is a degree of tenuity, at which transparent substan- 
ces cease to reflect any of the colored rays, but absorb, gr 
transmit them all, in which case they become black. This 
may be proved by various experiments. If a soap bubble be 
closely observed, it will be seen that at flrst, the tliickness is 
sufficient to reflect the prismatic rays from all its parts, but as 
it grows thinner, and just before it bursts, there may be seen 
a spot on its top, which turns black, thus transmitting all the 
rays at that part, and reflecting none. The same phenome- 
non is exhibited, when a film of air, or water, is pressed be- 
tween two plates of glass. At the point of contact, or where 
the two plates press each other with the greatest force, there 
will be a black spot, while around this, there may be seen a 
system of colored rings. 

From such experiments. Sir Isaac Newton concluded, that 
air, when below the thickness of half a millionth of. an inchj 
ceases to reflect light; ^nd aUo that water, when below the 
thickness of three eigJulis of a millionth of an inch, ceases to 
reflect light. But that both air and water, when their thick- 
ness is in a certain degree above these limits, reflect all the 
colored rays of the spectrum. 

Now air solid bodies are more or less porous, having among 
their particles either void spaces, or spaces filled with some 
foreign matter, diflfering in density from the body itself, such 
as air or water. Even gold is not perfectly compact, since 
water can be forced through its pores. It is most probable, 
then, that the parts of the same body, diftering in density* 
either reflect, or transmit the rays of light according to the 
size, or arrangement of their particles ; and in proof of this, 
it is found that some bodies transmit the rays of one colort 
and reflect those of another. Thus the color which passes- 
through a leaf of gold is green, while that which it reflects is 
yellow. 

From a ^eat variety of experiments on this subject, Sir 

- ' — ■ — ' ■ 

What substance is mcntionef], as illustrating this fact! When is it said 
Chat transparent substances become black ? How is it proved that fluida ot 
•Kti«ne tanuity, absorb all the rajrp and reflect qodo 1 
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Inae Newton concludes that the transparent parts of 
according to the sizes of their transparent pores» reflect rays 
of one color, and transmit tliose of another, for the same rea- 
son that thin plates, or minute particles of air, water, and some 
other substances, reflect certain rays, and absorb, or transmit 
others, and that this is the cause of all their colors. 

In confirmation of the truth of this theory, it may be observ- 
ed, that many substances, otherwise opaque, become trans- 
parent, by filling tlieir yores with some transparent fluid. 

Thus the stone called Hydrophane, is perfectly opaque, 
when dry, but becomes transparent when dipped in water ; 
and common writing paper becomes translucent, after it has 
absorbed a quantity or oil. The transparency, in these cases, 
may be accounted for, by the different refractive powers 
which the water and oil possess, from the stone, qr paper, and 
in consequence of which the light is enabled to pass among 
tlieir particles by refraction. ' 



ASTRONOMY. 

Astronomy is that science which treats of the motions and 
appearances of the heavenly bodies ; accounts for the pheno- 
mena which these bodies exhibit to us, and explains the lawn 
by which their motions, or apparent motions, are regulated. 

Astronomy is divided into Descriptive, Physical^ and PrcLC" 
tical. 

Descriptive astronomy demonstrates the magnitudes, distan- 
ces, and densities of the heavenly bodies, and explains the 
phenomena dependant on their motions,, such as toe change 
of seasons, and the vicissitudes of day and ni^t 

Physical astronomy explains the theory or planetary mo<- 
tion, and the laws by which this motion is regulated and soi^ 
tained. 

Practical astronomy details the description and use of as- 
tronomical instruments, and developes the nature and appU 
cation of astronomical calculations. 

The heavenly bodies are divided into three distinct classes. 

What is th« eoncluiioa of Sir Lnac Newton, conoenunff the tenuity at 
which water and air oeaae to ie6ect tight 1 What is laid of th? porous nar 
tore of solid bodies? What it astioiiomyl How is astronony diviifed) 
WJiat does deaaniidve astraoooiy teach? What is the object of f^yrioal 
■ationoinyl What is puctical a^*wi«Miiy 1 
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or 8y«tems» nuaaely, the solar systeniy coosisliiig' of &e sun* 
mooQt uid planets, the system of the fixed stars, and the sy»> 
tern of the comets. 

7%c SoZar System. ^ 

The Solar system consists of the sun and twenty-nine other 
bodies, which revolve around him at various distances, and in 
various periods of time. 

The bodies which revolve around the sun as a centre, are 
called primary planets. Thus, the Earth, Venus, and Marc, 
are primary planets. Those which revolve around the prima- 
ry planets, are called secondary planets, Tnoons^ or satellites. 
. Our moon is a secondary planet or satellite. 

The primary planets revolve around the siin in the followin j|[ 
order, and complete their revolutions in the following times, 
computed in our days and years. Beginning with that nearest 
to the snn. Mercury performs his revolution in 87 days and 23 
hours ; Venus, in 224 days, 17 hours ; the Earth, attended by 
the moon, in 365 days, 6 hours ; Mars, in 1 year, 322 days ; 
Ceres, in 4 years, 7 months, and 10 days ; Pallas, in 4 years, 
7 months, and 10 days ; Juno, in 4 years and 128 days ; Ves 
ta, in 3 years, 66 days, and 4 hours ; Jupiter, in 11 years, 315 
days, and 15 hours ; Saturn, in 29 years, 161 days, and 19 
hours ; Herschel, in 83 years, 342 days, and 4 hours. 

A year consists of the time which it takes a planet to per* 
form one complete revolution through its orbit, or to pass once 
around the sun. Our earth performs this revolution in 365 
days, and therefore this b the period of our. year. Mercury 
completes her revolution in 88 days, and therefore her year is 
no longer than 88 of our days. But the planet Herschel is 
situated at such a distance from the sun, that his revolution is 
not completed in less than about 84 of our years. The other 
planets complete their revolutions in various periods o*" time, 
between these ; so that the time of these periods is generally 
In proportion to the distance of each planet from the sun. 

Ceres^ Pallas, Juno, and Vesta, are the smallest of all the 
planets, and are called Asteroids. 

How are the heavenly bodies divided 1 Of what does the solar system 
eooflist ? What are the bodies called, which reVoWe around the sun as a cen* 
txel What are those called, which revolve «round these primaries as a cen- 
tre 1 In what order are the several planets situated, in respect to the sun 1 
How long does it take each plane! to make its revolution around the sun 1 
What is a yesr 1 Wh«k phnsCs ^m odied MtevoMlt 1 ^ 



dw ahote CMMMialed primny pbnetet our sjrstera 
comaiiw ei^teoi weondnj phnefs, &r moons. Of these, 
onr Enih 1m one moon, Jopiicr ibor, SaHini seroi, and Her- 
fldicl nJL Nooe of these moons, except omr own, and one or 
tvo of Saturn's, can be seen without a telescope. The seren 
other planets, so fiir as has been discoreied, are entirely wilh- 
oot moons. 

AH the planets more around the son from west to east snd 
in the same direction do the moons rerolTC around then* pri- 
maries, with the exception of those of Hersdiel, whidi appear 
to rerolre in a contrary diiection. 

The paths in which the planets more roimd the son, and in 
which tne moons move round their primaries, are called their 
orhiU. These orbits are not exactly circular, as they are com- 
monly represented on paper, but are elliptical, or oral, so that 
all the planets are nearer the sun, when in one part of their 
orbits, than when in another. 

In addition to their annual revolutions, some of the planets 
are known to have diurnal, or daily revolutions, like our earth. 
The periods of these daily revolutions have been ascertained 
in several of the planets by spots on their sur&ces. But 
where no such mark is discernible, it cannot be ascertained 
whe.ther the planet has a daily revolution or not, though this 
has been found to be the case in every instance where spots 
are seen, and, therefore, there is little doubt but all have a 
daily, as well as a v early motion. 

llie axis of a planet is an imaginary line passing througn 
its centre, and about which its diurnal revolution is performed. 
The poles of the planets are the extremities of this axis. 

The orbits of Mercury and Venus are within that oi the 
earth, and consequently tney are called inferior planets. The 
orbits of all the other planets are without, or exterior to that 
of the earth, and these are caUed superior planets. 

That the orbits of Mercury and Venus are within that of 
the earth, is evident from the drcumstance, that they are 
never seen in opposition to the sun, that is, they never appear 

How many moons does oar system contain'? Which tii the planets are 
attended }sj moons^ and how numjhaseaclH In what direction do the plaiiets 
movB around the son 1 What is the orbit of a planet ? What levolotidns 
have the planets, hcndes their yearly rerohitions 7 Have all the planets diiir> 
nal levolations'? How is it known that the planets have daily Tevolotionsl 
What is the axis til a planetl What is the pole of a planet 1 Which are 
the fuperior, and which the inferior planets? 
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bi Ike west, when the sun is in the east On' the contrary, 
the orbits of all the other planets are proved to be outside of 
the earth's, since these planets are sometimea seen in oppo- 
sition to the sun. 

Vig. 180. This will be understood 

by fig. 180, where suppose 
« to be the sun, m the orbit 
of Mercury or Venus, e the 
orbit of the earth, and^ tha 
of Jupiter. Now it is evi- 
dent, that if a spectator be 
placed any where in the 
earth's orbit, as at e, he xha5^ 
sometimes see Jupiter in op- 
position to the sun, as at j', 
because then the spectator 
would be between Jupiter 
and the sun. But the orbit 
of Venus, being surrounded 
by that of the earth, she never can come in opposition to 
the sun, or in that part of the heavens opposite to him, as 
seen by us, because our earth never passes between her and 
the sun. 

It has already been stated, that the orbits of the planets are 
elliptical, and that, consequently, these bodies are sometimes 
nearer the sun than at btners. An ellipse, or oval, has two 
foci, and the sun, instead of being in the common centre, is 
always in the lower foci of their orbits. 




Fig. 181. 




The orbit of a planet is 
represented by fig. 181, 
where a, (2, 5, e, is an el- 
lipse, with its two foci, s 
and 0, the sun being in tlie 
focus s, which is called the 
lower focus. 

When the eai-th, or any 
other planet, revolving 
around the sun, is in that 
part of its orbit nearest the 



How is it ptoved that the inferior planets are within t])p earth's oihit, and 
tlic superior ones withoijliti ExfJam fig. 180, and show why the inferior 
planets never C4U| be in opposition ta tiie sun. What arc the shapes of thft 
plan<*tai7 orbits 1 What is meant by periheGon ? 

18 
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iOBt M at «« it is sftid to be in liBpenkeUen; 9fA wImdio Aal 
pert which is et the greetest disteace from the/ sunt ee mt &» it 
IB said to be in its aphelion. The line #, (2» is tlM nieaiit mr 
areraffe distance of a planet's orbit from the sun. 

JSeUpHe* — ^The planes of the orbits of all the planets pass 
throngn the centre of the sun. The plane of an orbit is an 
imaginary surfiu^ passing from one extremity or side of the 
orbit, to the other. If the rim of a drum head be considered 
the oibit, its olane would be the parchment extended across 
ity on which tne drum is beaten. 

Let us suppose the earth's (M'bit to foe such a plane, cutting 
Uie sun throiurh his centre, and extending out on every side 
to die starry heavens ; the great circle so made, would mark 
the line of the ecliptic^ or the sun's apparent path through the 
heavens. 

This circle is called the sun's apparent paA, because the 
revolution of the earth gives the sun the appearance of pasrang 
through it It is called the ecliptic, because eclipses nappen 
wlien the moon is in, or near, this apparent path. 

Zodiac. — The Zodiac is an imaginary belt, or broad circle, 
extending quite, around the heavens. The ecliptic divides the 
zodiac into two equal parts, the zodiac extenmng 8 degreea 
on each side of the ecliptic, and therefore is 16 degrees wide. 
The zodiac is divided into 12 equal parts, called the si^ne oj 
the zodiac. 

The sun appears every year to pass arqund the great circle 
of the ecliptic, and consequently, through the 12 constella- 
tions, or signs of the zodiac. But it will be seen, in another 
place, tfiat the sun, in respect to the earth, stands still, and 
ihat his apparent yearly course through the heavens is caused 
by the annual revolution of the earth aronnd its orbit 

To understand the cause of this deception, let us suppose 



What ig the plane of an orbit % F.Tplain what is meaijt l>y tbe ocfiptk. 
tAThy ig tha ediptic caDBd the aon's apparait path 1 What ia the ao&io? 
iow doaa the ecHplic divide the zodiac 1 How fu docs the Mtfiae exlcrMl 
4i«ashMleoflhaecGplk1 
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9%. 188. that 5, figrl82, is the son, a fr» apart 

of the circle of the ecliprdc, «nd ed^ 
a part of the earth's orhit Now, if 
a spectator be placed at c, he will 
see die sun in that part of the eclip- 
tic marked by 5, but when Uie earth 
moves in her annual revolution to d» 
Uie spectator will see the sun in that 
part of the heavens marked by a; 
so that the motion of the earth in one 
direction, will give the sun an appa- 
rent motion in the contrary direc- 
tion. 

A sign, or constellation^ is a col- 
lection of fixed stars, and, as we have 
already seen, the sun appears to move 
Uirough the twelve signs of the zo- 
diac every year. Now the sun's place in the heavens, or zo- 
diac, is found by his apparent coiyunction, or nearness to any 
particular star in the constellation. Suppose a spectator at c, 
observes the sun to be nearly in a line with the star at &, then 
the sun would be near a particular star in a certain constella- 
tion. When the earth moves to (2, the sun's place would as- 
sume another directioui and he would seem to have moved 
into another constellation, and neai the star a. 

£ach of the 12 signs of the zodiac is divided into 20 small- 
er parts, called degrees; each degree into 60 equal parts, 
called minutes, and each minute into 60 parts, called seconds. 
The division of the zodiac into signs, is of very ancient date, 
eadi sign having also received the name of some animal, or 
thing, which the constellation, forming that sign, was supposed 
to resemble. It is hardly necessary to say, that this is cniefly 
the result of imagination, since the figures made by the places 
of the stars, never mark the outlines of the figures of animals, 
or other things. This is, however, found to be the most con- 
venient method of finding any particular star at this day, for 
among astronomers, any star, in each constellation, may be 
designated by describing the part of the animal in which it is 

Explain lig. 183, and show why the sun geems to pass through the ecfip- 
tie, when the earth only rovohreiB around the sun. What is a consCeDation, 
or sign 1 How is the sun*s appaivnt place in the heavens foond 1 Into how 
many parts are the signs of the lodiius divided, and what an these puts 
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situated. Tlius, by knofdng how many stars belong to the 
constelbtion Leo, or the Lion, we readily know what star is 
meant by that which is situated on the Lion's ear or tail. 

The names of the 12 signs of the zodiac are, Aries, Taurus, 
Gemini, Cancer, Leo, Virgo, Libra, Scorpio, Sagittarius, Ca- 
pricorn, Aquarius, and Pisces. The common names, or mean- 
ing of these words, in the same order, are, the Ram, the BuU, 
the Twins, the Crab, the lion, the Virgin, the Scales, the Scor- 
pion, the Archer, the Goat, the Waterer, and the Fishes. 

F«. 18S. 




The 12 signs of the lodiac, together with the sun, and the 
earth revolving around him, are represented at fig. 183. When 

tfie earth is at A, the sun will appear to be just entering the 

'■ - - ■ ■"" 

Is time any lesemblanoe between the oiacea of the lUni, and the figam 
of dw animab after which they aie called 1 Explain why thii it a ooa- 
venwnt method of fiadinff any partkolar 4ar hi afun. What are f»*^ TT*'*n 
•fthel9iicns1 



iigD Ane0ff because Qieii, when seen from the earth, he nitgea 
lowaids certain itars at the beginning of that couateUaiion. 
When the earth is at C, the sun will appear in the oppoi^ 
part of the heavens^ and therefore in the beginning^ of iifora. 
The middle line, dividing the circle of the zodiac into equal 
parts, is the line of the ecliptic. 

Density of the Planets, — ^Astronomers hare no means of 
ascertaining whether the planets are composed of the same 
kind of matter aa onr earth, or whether their surfaces are 
cloihed with vegetables and forests, or not They have, 
however, been able to ascertain the densities of several of 
Uiem by observations on their mutual attraction. By density, 
is meant compactness, or the quantity of matter in a given 
space. When two bodies are of equal bulk, that which weighs 
most, has the greatest density. It was shown, while treatmg 
of the properties of bodieSy that substances attract each other 
in proportion to the quantities of matter they contain. I^ 
therefore, we know th^ dimensions of several bodies, and can 
ascertain the proportion in which they attract each othert 
their quantities or matter, or densities, are easily found. 

Thus, when the planets pass each other in their circuits 
through the heavens, they are often drawn a little out of the 
lines of their orbits by mutual attraction. As bodies attract in 
proportion to their quantities of matter, it is obvious that the 
small planets, if of the same density, will suffer greater disturb- 
ance irom this cause, thai\ the large ones. But suppose two 
planets, of the £ime dimensons, pass each other, and it is 
found that one of them is attractea twice as far out of its or« 
bit as the other, then, by the known laws of ^rravity, it would 
be inferred, that one of them contained twice the quantity of 
matter that the other did, liuid therefore that the. density pi the 
one was twice that of the other. 

Byr calculations of this kind, it has been founds that the 
density of the sun is but a little greater than that of water* 
while Mercury is more than nine times as dense as water, 
havinff a specific gravity nearl3r equal to that of lead. The 
earth nas a density about five times greater than that of the 
sun, and a little less than half that of Mercury. The densi- 
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Bipiain why Ae son will be in the beffinmng of Ariee, when the earth U 
fi^ A, % 18i. How haettedenaiy of &e planets been aeceitainedtWIuit 
ip meant bf densirr 1 1n what propoortion do bodies attract each other 1 How 
aie the dewitieirorthe planets ascertained 1 What ii the density of the sua, 
of Mieicaiy, anA of thp^caitti r- 
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Mm ti die otfier pkneto leem to dfwiMiih bk^ympotUKH* "' 
jdidr dwtanrf from tlie nm increase, tke demity' of Satonv 
one of the most remote of pkneti, being onlj about one 
third that of wat^. 

The Swu. 

The sun is the centre o( the sokr sygiem* and the rreat 
dispenser of heat and light to all the planets. Around die 
sun all the planets reTolvey as around a common centre, he 
being the largest body in our system, and, iu> far as we know, 
the largest in the universe. 

The distance of the sun from the earth is 95 millions of 
miles, and hhi diameter is estimated at 880,000 miles. Our 
globe, when compared with the magnitude of the sun, is a 
mere point, for his bulk is about thirteen hundred thousand 
times greater than that of the earth. Were the sun^s centre 
placed in the centre of the moon*s orbit, his circumference 
would reach two hundred thousand miles beyond her orbit in 
every direction, thus filling the whole space between us and 
the moon, and extending nearly as far beyond her as she is 
from us. A traveller, who should go at tne rate of 00 miles 
a day, would perform a journey of nearly ^000 miles in a 
year, and yet it would take such a traveller more than 80 
years to go round the circumference of the sun. A body of 
such mighty dimensions, hannn^ on nothing, it b certain, 
must have emanated from an Almighty power. 

Tlie sun appears to move arouna the earth every. ^ hours, 
rising in the east, and setting in the west This motion, as 
will be proved in another place, is only apparent, and arises 
from the diurnal revolution of the earth. 

The sun, although he does not, Kke the planets, revolve in 
an orbit, is, however, not without motion, having a revolution 
around his own axis, once in 25 days and 10 hours. Both the 
fiict that he has such a motion, and the time tn which it m per- 
formed, have been ascertained by the spots on hb sur&ce. 
If a spot is seen, ^n h revolving body, in a certain direction, 
it is obvious, that when the same spot is again seen, in Uie 



Id what pfoportions do the denskiM of the planetsappear to diininiiih 1 
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Mine dhrectaoiit tibat the body has made one revoltttton. Br 
such spots the diurnal reTolutions of the planets, as well as 
the sun, have been determined. 

Spots on the sun seem first to have been observed in the 
year 1611, since which time they have constantly attracted 
attention, and have been the subject of investigation among 
astronomers. These spots change their appearance as the 
sun revolves on his axis, and become greater or less, to an 
observer on the earth, as they are turned to, or from him ; 
they also change in respect to real magnitude and number: 
one spot, seen by Dr. Herschel, was estimated to be more 
than SIX times the size of our earth, being 50,000 miles in 
diameter. Sometimes forty or fifty spots may be seen at the 
same time, and sometimes only one. They are often so large 
as to be seen with the naked eye ; thb was the case in 1816. 

In respect to the nature and design of these spots, almost 
every astronomer has formed a different theory. Some have 
supposed them to be solid opaque masses of scoriae, floating in 
the liquid fire of the sun ; others as satellites, revolving round 
him, and hiding his light from us ; others as immense masses, 
which have fallen on his disc, and which are dark colored, be- 
cause they have not yet become sufficiently heated. In two 
instances, these spots have been seen to burst into several 
parts, and the parts to fiy in several directions, like a piece of 
ice thrown upon the ground. Others have supposed that 
these dark spots were the body of the sun, which became 
visible in consequence of openings through the fiery matter, 
with which he is surrounded. Dr. Herschel, from n:any ob- 
servations virith his great telescope, concludes, that the shining 
matter of the sun consists of a mass of phosphoric clouds, ana 
that the spots on his surface are owing to disturbances in the 
equilibrium of this luminous matter, by which opening are 
made through it There are, however, objections to this the- 
ory, as indeed there are to all the others, and at present it 
can only be said, that no satisfactory explanation of the cause 
of these spots has been given. 

That the sun, at the same time that he is the great' source 
of heat and liffht to all the solar worlds, may yet be capable of 

supporting animal life, has been the favourite doctrine of seve- 

•»- 

When "were spots of tbe sun first obeervedl What has been the difier- 
ence in the nuipber ofspoto observe^ What was the oze of the spot seen 
bv Dr. Herschel 1 Wnat has been advanced concerning the aatiue ot 
toese spoCi 1 Hm ibfj been aooonnted ^ satkfikctoiify ? 
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ittl able MifoiioiiMn. Dr. Wikoii inl wgyHBi tkai lUs 
midbt be the case, and Dr. HcncM, wtn bis telc8crae» 
made observations which confiimed bhn m thisajpinioii. llle 
latter astronomer simposed diai the IvnetioiiB of the aiin, as 
the dispenser of ]]|[fatand heat,mightbeperfoifliedbyalani- 
noiis» or pfaosi^ione atmos^iore, snmMndinf inn at mmxy^ 
hmdred miles distance^ wmle his solid mdens mighi be tir 
ted for the habitations of millions of reasonable beinn. Tins 
doctrine is, howerer, rejected by most writers on the sobject 
at the present day. 

Mercury^ the planet nearest the son, is about 9000 nnles in 
diameter, and rerolres aroond him, at the distance of 37 
minions of mfles. The period of his annual reyolotion is 87 
day^ and he tarns on his axis once in about 24 hours. 

The nearness of this planet to the sun, and the short time 
his liillj Oluminated disc is tamed towards the earth, haa iwe- 
vented astronomers from making many observations on him. 

No siffna of an atmosphere nave been observed in this 
pkneL The son's heat at Mercury is about seven times great- 
er than it is on the earth, so that water, if nature follows the 
same laws there that she does here, cannot exist at Mercury, 
except in the state of steam. 

The nearness of this planet to the sun, prevents his being 
oAen seen. He may, however, sometimes be observedjust 
before the rising, ana a little after the setting of the sun. Yfnesi 
seen after sunset, he appears a brilliant, twinkling star, show 
ing a white lif ht, whicn, however, is much obscured by the 
g:larc of twili^t When seen in the momine, before the ri- 
sing of the sun, his light is also obscured by toe sun's rays. 

Mercury sometimes crosses the disc of the smiy or corner 
between tne earth and that lununaryt so as to appear like a 
small dark spot nassing over the sun's face. Tius is called 
the transit of Mercury. 

Vernu. 
Venus is the other planet, whose orbit is within that of Ac 

»■ -.ii- pii» II — — ^^— — .— ^a^— ^— .— .«^-»— p^— ■— ^.^i^—^^a^— .^ 111 I I I il 

WfaatisaMdo(moemingtliesfm'0beiiwfthaHtiaileriobe1 Whalistht 
^juiyt^tf of MercQiy, ancl what aie hj^penods of ttmuarand tenial nvdo- . 
Ciaal How ffnst m the son's heat aCliSfiieiiiy 1 At what taoMs is Mtwoasy 
10 he semi What k a tmsft ^Mneny ? 
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earth* Her diameter is about 8600 miles, being somewhat 
larger than the earth. 

Her revolution around the sun b performed in 5224 days, at 
the distance of 68 millions of miles from him. She turns on 
ber axis once in S3 hours, so that her day is a little shorter 
than ours. 

Venus, as seen from the earth, is the most brilliant of all the 
primary planets, and is better known than any nocturnal lumi- 
nary except the moon. When iseen through a telescQpe, she 
sxlubits the phases, or horned appearance of the moon, and her 
face is sometimes variegated with dark spots. Venus may 
>flen be seen in the day time, even when sne is in tlie vicim- 
ty of the blazing light of the sun. A luminous appearance 
iVound this placet, seen at certain times, proves that she has 
in atmosphere. Some of her mountains are several times 
more elevated than any on our globe, being from 10 to 22 
miles high. Venus sometimes makes a transit across the 
sun^s disc, in the same manner as Mercury, already de- 
scribed. The transits of Venus occur only at distant periods 
from each other. The last transit was in 1769, and the next 
^11 not happen until 1874. These transits have been ob- 
served by astronomers with the greatest care and accuracy, 
bince it is by observations on them that the true distances of 
the earth and planets from the sun are determined. 

When Venus is in that part of her orbit which gives her 
the appearance of being west of the sun, she rises before him, 
and is then called the morning star ; and when she appears 
' east of the sun, she is behind nim in her course, and is then 
called the evening star. These periods do not agree, either 
with the yearly revolution of the earth, or of Venus, for she is 
alternately 290 days the morning star, and 290 days the eveur 
ing star. The reason of this is, that die earth and Venus move 
round the sun in the same direction, and hence her relative mo* 
tion, in respect to the earth, is much slower than her absolute 
motion in her orbit. If the earth had no yearly motion, Venus 
would be the mominfi; star one half of the year, and the even- 
ing star the other half. 

Where ii the orbit of Venus, in respect to that of the eaith 1 What is 
the time of Venus* rerolutioii round the sun 1 How often does she turn 
on her axis 1 What is said of the height of tiie mountains in Venusi On 
what account are the transits of Venus observed with great care 1 When is 
Venus the morning, and when the evening star 1 Ewir long is Venus tlm 
monii^, sad how long the eveptng starl 
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TheEariL 

The next planet in our system, nearest the sun, is the Eartk 
Her diameter is 7012 miles. This planet revolTes around 
him in 366 da^s, 5 hours, and 48 minutes ; and at the dis- 
tance of 06 millions of miles. It turns round its own axis 
once in 24 hours, making a day and a night. The Earth's revo- 
lution round the sun is called its annual, or yearly motion, 
because it is performed in a year ; while the revolution around 
its own axis, is called the diurnaU or daily motion, because it 
takes place every day. The figure of the earth, with the phe- 
nomena connected with her motion, will be explained in ano- 
ther place. 

The MooTU 

The Moon, next to the sun, is, to us, the most brilliant and 
interesting of all the celestid bodies. , Being the nearest to 
us of any of the heavenly orbs, and apparently designed foi 
our use, she has been observed with great attention, and many 
of the phenomena which she presents, are therefore bettei 
understood and explained, than those of the other planets. 

While the earth revolves round the sun in a year, it is at- 
tended by the Moon, which makes \ revolution round th^ 
earth once in 27 days 7 hours and 43 minutes. The distance 
of the Moon from the earth is 240,000 miles, and her diameter 
about 2000 miles. 

Her surface, whan ••«& tlirough n telescope, appears diver- 
sified with hills, mountains, valleys, rocks, and plains, present- 
ing a most interesting and curious aspect : but the explana* 
tion of these phenomena are reserved tor another section. 

MavB* 

The next planet in the solar system, is Mars, his orbit sur 
roundinfir that of the earth. The diameter of this planet is up- 
wards of 4000 miles, bein? about half that of the ^arth. The 
revolution of Mars around the sun is performed in nearly 687 
days, or in somewhat less than two of our jrears, and he turns 
on his axis once in 24 hours and 40 minutes. His mean 

How long does it take the earth to levblve round the ran 1 What is mesoit 
t»y the eaith^s annual revolution, and what bv her diurnal revohitionl Why 
nine the phenomena of the moon better explained than those of the otiier 
planets ? In what time is a revolution of the moon ahout the earth perform- 
ed ? What b the distance of the moon ih>m the earth 1 What is the diame- 
ler of M«8 1 How much loQiier M a year at Miuni than oar year 7 
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dvttenee firom the ran is 144 millioiui of miles* so that he moves 
in his orbit at the^ rate of about 55*000 miles in an hour. The 
days and nights, at this planet, and the different seasons of 
ihe year, hour a considerable resemblance to those of the 
earth. The dennty of Mars is less than that of the earth, 
beiM only three times that of water. 

Mars reflects a dull red light, by which he may be distin- 
guished from the other planets. His appearance through the 
telescope, is remarkable for the great number and variety of 
spots which his surface presents. 

Mars has an atmosphere of great density and extent, as is 
proved by the dim appearance of the fixed stars, when seen 
Uirough It When any of the stars are seen nearly in a line 
with this planet, they give a faint, obscure light, and the 
nearer th^ approach the line of his disc, the fainter is their 
light, until the star is entirely obscured from the sight 

This planet sometimes appears much larger to us than at 
others, and this is readily accounted for by nis greater or less 
distance. At his nearest approach to the earth, his distance 
is only 50 millions of miles, while his greatest dbtance is5M0 
millions of miles ; making a difference in his distance of 190 
millions of miles, or the diameter of the earth*s orbit 

The sun's heat at this planet is less than half that which 
we enjoy. 

To the inhabitants of Mars, our planet appears alternately 
u the morning and evening star, as Venus ooes to'us. 

Ve^o, JunOf PdUas^ and Cere^* 

These planets were unknown until recently, and we there- 
fore sometimes called the n^w planets. It has been mention- 
ed, thai they are also called Asteroids. 

The orbit of Vesta is next in the solar system to that of 
Mars. This planet was discovered by Dr. Olbers, of Bremen, 
in 1807. The light of Vesta is of a pure while, and in a dear 
night she may be seen with the naked eye, appearing about 
the size of a star of the 5th or 6th magnitude. Her revolu- 
tion round the sun is performed in 3 years and 66 days, at 
the distance of 223 millions of QiHes from him. 



Whstishimteof molioBinhisofbitl What is his appearaaee tfavough 
the leksoope ? How b it panoived tluct Mara has an atnunnlieie of great 
MoHty 1 why does M«m oometiooiBB appear to as hoger uan at others'? 
How great is the sua's heat at Mant Wmeh are thenewphoiets, or asl»- 
reidi'? WhenwMVeita^iseo^FeradllfKl^ifttbBponodiifVcsU'saaBiiai 
■vfumuon r 
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J*no was dHCOTcred hy Hr. HanSng, of Bremen, in 1604 
Her mwn dulance froni the mm ia %3 millions of milea 
Her orbit is more elliptical than that of anjr other planet* and 
in consequence, she is sometimes 1S7 millions of miles neam 
die sun man at others. This planet completes itd annual re- 
volution in 4 rears and about 4 months, and revolres round 
its axis in 37 hours. Its diameter is 1400 miles. 

Pallas was also discovered by Dr. Olbers, in 1802. Its 
distance from the sun is 336 millions of miles, and its periodic 
rerolution round him, is performed in 4 ^ears and 7 months. 

Ceres was discavered in 1801, byPiazzi, of Palermo. This 

tlanet performs her revolution in the same time as Pallas, 
einf 4yearB and 7 months. Her distance from the son 360 
milboni of milei. According to Dr. Herschel, this planet is 
only about 160 miles in diameter. 
Jupiter. 

Jupiter is 80,000 miles in diameter, and performs his annu- 
al revolution once in about II years, at the distance of 400 
millions of niilee from the sun. This is Hie larrest planet in 
the solar syslem, being about 1400 times larger than the eartli. 
His diurnal revolution is performed in nine hours and fiAy- 
fivc minutes, ginng his surface at the equator, a motion n( 
28,000 miles per hour. This motion is about twenty times 
more rapid than that of our earth at the equator. 

Jupiter, next to Venus, is the most brilliant of the plancL<r. 
though the light and Heat of the sun on him is nearly 2& 
times less then on the earth. 
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These are termed bells, and are variable, both in respect to 
number and appearance. Sometimes aereo or eight are 
ceen, several of which extend quite across his face, while 
others appear broken, or interrupted. 

These bands, or belts, when the ])!anet is observed ihrougl) 
a telescope, appear as represented in fig. 184. This appe^- 
ance is much the most common, the belts running quite across 
the face of thef planet in parallel lines. Sometimes, however, 
his aspect is quite different from this, for in 1780) Dr. Her 
■chel saw the whole disc of Jupiter covered with small curved 
lines, each of which appeared broken, or interrupted, the 
whole havinga parallel mrection across lUs disc, as in fig. 185 
fig. 185. 




Diflerent opinions hare been advanced by astronomers ret- 
r|>ecting the^use of these appearances. By some, they have 

been regarded as cloutfa, or as openings ia the atmosphere of 
the planet, while 'Others imagine that ihey are the marks of 
great natural changes, or revolutions, which are perpetuully 
agifatinir the surface of that planet. It is, however, most pro- 
bable, that tliese appearances are producetl by the agency ol' 
some cause, of which we, on this Utile eartli, must afwn yi i>e 

Juptter lios t'ovT satetlitt's, or moons, tivo of which are 
■((imctimcs seen with the naked eve. They move roimd, anil 



iheapjicariUicBof Jupitrr's belts ftJwHvs ihc s,'une,orilolliRy chnngel Wbjtt 
is siM of llip cxane of Jupilcr'a hcttrf apppnrancc 1 How miuij moons hai 
Iiiiiivcr, anil what nr.'' the pcrinJs of their revolutions t 
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tttend him in his yearly revolution* as the moon does oin 
earth. They complete their revolutions at difierent periods* 
the shortest of which is less than two days, and the longest 
aeventeen days. 

These sateUites often fiill into the shadow of their primary, 
in cons^juence of which they are eclipsed, as seen u'om the 
earth. The eclipses of Jupiter's moons have ^een observed 
with great care by astronomers, because they have been the 
means of determininff the exact longitude of places, and the 
velocity with which light moves through space. How longi* 
tude is determined by these eclipses, cannot be explained or 
understood at this place^ but the method- by which they 
become the means of ascertaimn^ the velocity of light, may 
be readily comprehended. An eclipse of one of these satel- 
lites, appears, by' calculation, ta take place sixteen minutes 
sooner, when the earth is in that part of her orbit nearest to 
Jupiter, than it does when the earth is in that part of her or- 
bit at the greatest distance from him. Hence light is found 
to be sixteen mifiutes in crossing the earth's orbit, and as the 
sun is in the centre of this orbit, or nearly so, it must take 
about 8 minutes for the light to come irom him to us. Light, 
therefore, passes at the velocity of 95 millions of miles, our 
distance from thesun, in about 8 minutes, which is i^early 200 
thousand miles in a second. 

Saturn. 

The planet Saturn revolves round the sun i^ a period of 
about 90 of our years, and at the distance from him, of 900 
millions of miles. His diameter is 79,000 miles, making his 
Dulk nearly nine hundred times ^eater than that of the earth, 
but notwithstanding this vast size, he revolves on his axis 
once in about ten hours. Saturn therefore performs upwards 
of 25,000 diurnal revolutions in one of his years, and \ence 
his year consists of more than 25,000 days ; a period o« time 
equal to more than 10,000 of our days. On account of the 
remote distance of Saturn from the sun, he receives only 
about a 90th part of the heat and light which we enjoy on the 
earth. But to compensate, in some degree, for this vast dis- 
tance from the sun, Saturn has seven moons, which revolve 

What oocaaons the eclipses of JjLipiter's mopns 1 Of what use are these 
eclipses to astionomen 1 How is the velocity of light ascertained hy tiie 
eclipses of Jupiter's sateUites ? What is the time of Saturn's periodic revohi- 
don nmnd tlie suni What is his distance from the son 1 What his diame- 
|er ? What is the period of his diurnal revolution ? How many days make 
a year tf SAtum T 
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round him tt difierent distancea, and at various periods, from 
1 to 80 da/e. 

Saturn is dietin^ished from the other planets byhia ring, 
as Jupiter is by his belt. When this planet is viewed through 
a teleacope, he appears surrounded by an immense luminous 
circle, wnich is represented by fig 186 

"" There are in- 

■ deed two luminous 
I circles, or rings, 
I one within uie 
I other, with a dark 
ce between 
m, so that they 
not appear to 
I touch each olher. 
I Neither does the 
inner ring touch the body of the planet there beings by estima- 
tion, about the distance of 30,000 mile between them. The 
external circumference of the outer nng is 640,000 miles, and 
its breadth from the outer to the inner circumference, 7,200 
miles, or nearly the diameter of our earth. The dark space, 
between the two rin^a, or the interval between the inner, and 
outer ring, ia 2800 miles. 

This immense appendage revolves round the sun with the 

Knet, — performs dailv revolutions with it, and according to 
. Herschel, is a solid substance, equal in density to the lM>dy 
of the planet itself. 

The design of Saturn's ring, an appendage so vast, and so 
di^rent from any thing presented by the other planets, has 
always been a matter of speculation and inquiry among astron- 
omers. One of its most obvious uses appears to be that of 
reflecting the light of the sun on the body of the planet, and 
possibly it may reflect the heat also, bo as in some degree to 
•often the ria;our of so inhospitable a climate. 

As this pUnet revolves around the sun, one of its aides is 
lluminated durinc one halfof the year, and the other side 
during the other naif; so that, as Saturn's year is equal to 
Jurty of our years, one of his sides will be enlightened and 
darkened, alternately, every fifteen years, as the poles of our 
earth are alternately in the light and dark every year. 

How many moons has S&tunt 1 How is Saturn particiilariy disdnsmBhed 
from bU the other plants 1 Wliat distance is there between the body of 
Baton) and hvi inner ring 1 What diaUace ia there betneen hb inner uid 
auLernngl What ia the drcumlcience of the outer lin^l 
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Fig. 187 represents Snt 
um as seen by an eye pla 
red at right angles to the 
place of nia ring. "Whes 
eeen from tlie earth, bis 
positiiin is always oblique, 
as represented by fig. 186. 
The inner white circle, 
repreaenta the bodv of the 
planet, enlightened by the 
auLi. The dark circle next 
to lliifi, is the unenlightened 
space between the body ot 
the planet and the inner 
I ring, being the dark ex- 
. BpansR of the heavens be- 
yond the planeL The two white circles are the rings of the 
planet, with the darlc space between them, which alM is the 
dark expanse of the heavens. 

Hersckel, 
In consequence of some inequalities in the motions of Ju 
piter and Saturn, in their orbits, several aslronomers had suit- 
pected that there existed another planet beyond the orbit of 
Saturn, by whose attractive influence these irregularities were 
produced. This conjecture was confirmed by Dr. Herschel, 

in ITSli who in that year dufOTarad lbs planet, which is aow 

generally known by the name of its discoverer, though called 
by him Gtorgium sidus. The orbit of Herschel is beyond 
that of Saturn, and at the distance of 1800 millions of miles 
from the sun. To the naked eye tUa planet appears like a 
star of the sixth magnitude, being, with the exception of some 
of the comets, die most remote Dody, so for as b known, in 
Uie solar system. 

HeTsebei completes his revolution round the sun in nearly 
84 of our years, moving in his orbit at Aerate of 15,000 miles 
in an hour. His diameter is 35,000 miles, so that his bulk ii 
about ojhty times that of the earth. The light and heat of 

How low d one of Satnm'* ridea allemately in the ligiil and AtA 1 Id 
whatpo^linnliSatuninpi^cntedl^fiff. 1871 What oiCDmatance t«d In 
die diiCOTCiT of HencM 1 1n what /ear, and by •thim, wu H««cM diaea. 
■nmi 1 Wliat b tin cbwiea oT H^«cbd from the aun "i In what period ii 
tut imolulka iwod tba mil poftrmed } Wlw* " ■■•- '*■ ■- -'"'---■^'i,- 
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ki sun at Herdchi&l is about 360 times lec|s than it is at the 
earth, and yet it has been found by calculation, that this li^ht 
is equal to 248 of our fiill moons, a striking proof of the m« 
conceivable quantity of light emitted by the sun. 

This planet has six satellites, which revolve round Jikn at 
various distances, and in different times. The periods of 
some of thi^se have been ascertained, while those otthe others 
remain unknown. 

Fig. isa 




Having now given a short account of each planet composing^ 
the solar system, the relative situation of their several orbits, with 
the exception of those of the Asjproids, are shown by fig. 189*. 

In the figure> the orbits are marked by the signs of each . 

What is the qiiantitj of fight and heat at HeiBcbeL when compared 
with that of the earth 1 *^ 

19» 
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pluiety of which the fin^ or that nearest the awi, is Mercury, 
die nett V onus* the third the Earth, the fourth Mars ; then 
eome those of the Asteroids, then Jupiter, then Saturn, and 
lasthr HerseheL 

Trie comparatiTe dimensions of the planets are delineated 
at fig. 189. 




^^ O O O r \JUrsM 

\ Motions of the Planets. 

! It is said that when Sir Isaac Newton was near demonntra- 
ting the great truth, that grayity is the cause which keeps 
the heavenly bodies in their orbits, he became so agitated with 
the thoughts of the magnitude and consequences of his disco- 
very, as to be unable to proceed with his demonstrations, and 
desured a friend to finish what the intensity of his feelings 
would not aUow him to complete. ' 

We have seen, in a former part of this work, that all undis- 
turbed motion is straight forward, and that a body projected 
into open space, would continue, perpetually, to move in a 
right line, unless retarded or drawn out of this course by 
some external cause. 

To account for the motions of the planeto in their orbits, 
we will suppose that the earth, at the time of its creation, was 
throwxi by Uie hand of the Creator into open s] «ce, the sun 
haviiig been before created and fixed in his present place. 
' l.l^er Compound Motion^ it has been shown, that when a 
bi^ is aetod on by two forces perpen^cular to each other, 
Its jmotion will be in a diagonal line between the directiiHi of 
*■• two forces* 
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Fi^. 190. But we wOl asain here sup- 

pose that a hall oe movin|r in 
the line m x^ ^ft. 190, wiu a 
ffiven force, and that anotlier 
force half as great should strike 
it in th^^iraption of n, the 
Imll womd then describe the 
diagonal of a parallelogram^ 
whose length would be just equal to twice its breadth, and 
the line of the ball would be straight, because it would obey 
the impulse and direction of these two forces only. 

Fig. 191._ Now let a, ^g. 191, re- 

> present the earth, and <S 
the sun ; and suppose the 
earth to be movmg for* 
ward, in the line from a to 
6, and to have arrived at 
a, with a velocity sufficient, 
in a ffiven time, and with- 
out disturbance, to have 
carried it to h. But ft the 
point a, the sun jS acts upon 
the earth with his attractive 
power, and with a force 
which would draw it to c, 
in the same space of time that it would otherwise havp gone 
to h. Then the earth, instead of passing' to 6, in a straiiht 
line, would be drawn down to (2, the diagonal of the paralle- 
logram a, 5, d, c. The line of direction, in fig. 190, is straight, 
because the body moved obeys only the direction of the two 
forces, but it is curved from a to^ fig. 191, in consequence of 
the continued force of the sun's attraction, which produces a 
constant deviation from a right line. 

When the earth arrives at d, stQl retaining its projectile or 
centrifugal force, its line of direction would be towards n, 
but while it would pass along to n without disturbance, the 
attracting force of the sun is again sufficient to bring it to e. 




Suppofle a body to be aoled on by two SatctB perpendicular to each other, 
in what tHreetion will it mowel Why does the ball, fig. 190, mo^ in a 
itncfehtlne? Why does the earth, fig. 191, m^-fe in a carved Hob 1 Eacplain 
Sg. 191, and aUow how tlia tmo mem ws to ptodnoe a cfarcvbtr Ime of 
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in a biraiglit 1ine» so that, in obedience to the two impukies, it 
again describes tlie curre to o. 

It most be remembered, in order to account for the circular 
motions of the planets, that the attractiye force of the mm is 
not exerted at once, or b^ a single impulse, as is the case with 
the cross forces, producmg a straight line, but that this force 
is imparted by decrees, and is constant It therefore acts 
equally on the earth, in all parts of the course from a to <2, and 
from a to 0. From o, the earth having the same impulses as 
before, it mores in the same curved or circular direction, and 
thus its motion is continued perpetually. 

The tendency of the earth to move forward in a straight 
line, is called the ceivtrifugaL force^ and the attraction of Ibe 
sun, by which it is drawn downwards, or towards a centre, is 
called its centripetal force^ and it is by these two forces that 
the planets are made to perform their constant revolutions 
around the sUn. 

In the above explanation, it has been supposed that the 
sun's attraction, which constitutes the earth's gravity, was at 
all tunes equal, or that the earth was at an equsJ distance from 
the ran, in all parts of its orfait But, as heretofore explained, 
the orbits of all the planets are elliptical, the sun being placed 

in the ftwer focus of the 
eclipse. The sun's attrac- 
tion is, therefore, stronger 
in some parts of their or- 
bits than in others, and for 
this reason their velocities 
are greater at some periods 
of their revolutions than at 
others. 

To make this under^ 
tftood, suppose, as before, 
that the centrifugal and 
centripetal forces so bal- 
ance each other, that the 
earth moves round the cir- 
cular orbit a e h^ ^g, 19% 




What b the pfojectile Imseoftbe earth calfedl What is theattiactife 
fbvoe of the san, wmdi draws the earth towaids hun, ealledl Ezpiam fig. 
193, and show the leasoa why the velodty isincreaaed fiom c to cE, md wl^ 
it is not retanded fiem d t&g. 



ASTRONOMY. 226 

m 

until it comes to the point. ^ ; and at this point, let as su{>po6e, that 
the gravitating force is too strong for tne force of projection, so 
that the earth, instead of continuing its former direction towards 
&, is attracted by the sun s, in the curve e c. When at c, the line 
of the earth's projectile force, instead of tending to carry it farther 
from the sun, as would be the case, were it revolving in a circular 
orbit, now tends to draw it still nearer to him, so that at this 
point, it is impelled by both forces towards the sun. From c, 
therefore, the force of gravity increasing in proportion as the 
square of the distance between the sun and earth diminishes, 
the velocity of the earth will be uniformly accelerated, until 
it arrives at the point nearest the sun, d. At this part of ltd 
orbit, the earth will have gained, by its increased velocity, so 
much centrifugal force, as to give it a tendency to overcome 
the sun's attraction, and to fly off in the line do. But the 
sun's attraction being also increased by the near approach of 
the earth, the earth is retained in its orbit, notwitnstanding 
its increased centrifugal force, and it therefore passes through 
the opposite part of Us orbit, from d to g, at the same distance 
from nim that it approached. As the earth passes from the 
sun, the force of gravity tends continually to retard its motion, 
as it did to increase it while approaching him. But the velocity 
it had acquired in approaching the sun, gives it the same rate 
of motion from d to g^ that it had from c to d. From g, the 
eardi's motion is uniformly retarded, until it again arrives at e, 
the point from whieh it cromineiiced, and from whence it de- 
scribes the same orbit, hy virtue of the same forces, as before. 

The earth, therefore, m its journey round the sun, moves at 
very unequal velocities, sometimes oeing retarded, and then 
again accelerated by the sun's attraction. 

It is an interesting circumstance, respecting the motions ot 
tlie planets, that if me contents of their orbits be divided into 
•mequal triangles, the acute angles of which centre at the sun, 
«rith the line of the orbit for their bases, the centre of the 
planet will pass through each of these bases in eqaal times. 

This will be understood by fig. 193, the elliptical circle be- 
ing supposed to be the earth's orbit, with the sun s, in one ot 
the foci. 

Now the spaces 1, 2, 3, dtc. though of different shapes, arc 
of the same dimensions, or contain the same quantity of sur 



What is meuit by a planet's paaring tfanogh eqval upaoet in ennni ^w 
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&ee. The eardiy we lunre 
ftlready seen, in its journej 
round the sun, describes an 
ellipse, and mores more ra- 
pidly in one part of ita orbit 
than in another. But wha^ 
ever may be its actual velo* 
city, its comparative motion 
is through equal areas in 
equal times. Thus its cen 
tre passes from E to C, and 
from C to ^ ■ .V. lame pe- 
riod of time, and so of all 
the other divisions marked 
in the figure. If the figure, 
therefore, be considered the 
plane of the earth's orbit, 
divided i:^ 12 eoual areas, 
answer! nff to the 12 months of the year, the earth will pass 
ough tne same areas in every month, but the spaces through 
. aich it passes will be increased, during every month, for one 
half the year, and diminished, during every month, for the 
other half. 

The reason why the planets, when they approach near the 
^un, do not fall to him, m consequence of his increased attrac- 
tion, and why they do not fly off into open space, when they 
recede to the greatest distance from him, may be thus ex- 
plained. 

Taking the earth as an' example, we have shown, that when 
in the part of her orbit nearest the sun, her velocity is greatly 
mcreased by his attraction, and that consequently the earth's 
centrifugal force is increased in proportion. As an illustra- 
tion of this, we know that a thread which wiU sustain an 
ounce ball when whirled lound in the air, at the rate of 60* 
revolutions in a minute, would be broken, were these revolu- 
tions increased to the number of 60 or 7D in a minute, and 
that the ball would then fly off in a straight line. This shows 
that when the motion of a revolving body is increased, its cen- 

How ifl it shown, that if the motion of & xeVohdnff body is ineraased, iti 
pngedile force Is also increased 1 By what force Is tbe earth's velocity in- 
creased, as it approaches the sun 1 When the earth is nearest the sun, why 
doesit not fidi to him ? '^"^'^^'ip *^*^ «4th's oentiiftigal foroe is greatest, what 
pivrents its flying to th 



KARTH. 227 

Crifiigal force is also increased. Now, the velocity of the 
earth increases in an inverse proportion, as its distance from 
the sun dinuDishes, and in proportion to the increase of veloci- 
ty is its centrifuge-force increased ; so that, in any other part 
o£ its orbit, except when nearest the sun, this increase of 
velocity would carry the earth away from its centre of attrac- 
tion. But this increase of the earui's velocitv is caused by 
its near approach to the sun, and consequently the sun's at- 
traction is increased, as well as the earth's velocity. In other 
terms, when the centrifugal force is increased, the centripetal 
force is increased in proportion, and thus while the centrifu- 
gal force prevents the earth from fiiUing to the sun, the cen- 
tripetal force prevents it from moving off in a straight line. 
When the earth is in that part of its orbit most distant from 
the sun, its projectile velocity being retarded by the counter 
force of die sun's attraction, becomes greatly diminished, and 
tlien the centripetal force becomes stronger than the centrifu- 
gal, and the earth is again brought back by the sun's attrac- 
tion, as before, and in this manner its motion goes on without 
ceasing. It is supposed, as the planets move through spaces 
roid of resistance, that their centrifugal forces remain the 
«ame as when they first emanated from the hand of the Crea- 
tor, and that this force, without the influence of the sun's at- 
traction, would carry them forward into infinite space. 

The Earth. 

It is almost universally believed, at the present day, that 
the apparent daily motion of the heavenly bodies from enst to 
west, is caused by the real motion of the earth from west to 
east, and yet there are comparatively few who have examined 
the evidence on which this belief is founded. For this rea- 
son, we will here state the most obvious, and to a common 
observer, the most convincing proofs of the earth's revolution. 
These are, first, the inconceivable velocity of the heavenly 
bodies, and particularly the fixed stars around the earth, if she 
stands still. Second, the fact, that all astronomers of the 
present age agree that every phenomenon which the heavens 
present, can be best accounted for, by supposing the earth to 
revolve. Third, the analogy to be drawn from many of the 
other planets, which are known to revolve on their axes ; and 
fourth, the different lengths of days and mghts at the different 

What aie the moit cMtnm and ooannenig proofii that the earth levolvw 
on ki axial 
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obnetSy for did the sun rerohfe about the sokr sysiem, the 
myB and nights at many of the i^anets nraat be of similar 
lemrths. 

The distance of the sun from the earth being 95 millions 
of miles, the diameter of the earth^s orbit is twice its distance 
from the smi, and, therefore, 190 millions of miles. Now, the 
diameter of the earth's orbit, when seen from the nearest fixed 
star, is a mere point, and were the orbit a solid mass ol 
opaque matter, it could not be seen, with such eyes as ours, 
from such a distance. This is known by the fact, that these 
stars appear no larger to us, even when our sight is assisted 
by the oest telescopes, when the earth is in that part of her 
orbit nearest them, than when at Uie greatest distance, or in 
the opposite part of her orbit. The approach, therefore, oi 
190 millions of miles towards the fixed stars, is so small a 
part of their whole distance from us, that it makes no per- 
ceptible difference in their appearance. Now, if the eartli 
does not turn on her axis once in ^ hours, these fixed stars 
must revolve^around the earth at this amazing distance once 
in 24 hours. ' If the sun passes around the earth in 21 hours, 
he must travel at the rate of nearly 400,000 miles in a minute ; 
but the fixed stars are at least 400,000 times as' far beyond 
the sun„^as the sun is from us, and, therefore, if they revolve 
around the earth, must go at the rate of 400,000 times 400,- 
000 miles, that is, at the rate of 160,000,000,000, or 160 bil- 
Uons of miles in a minute ; a velocity of which we can have 
no more conception than of infinity or eternity. 

In respect to the analogs to be drawn from the known revo- 
lutions of the other planets, and the difierent lengths of days 
and nights among them, it is sufiicient to state, that to the in- 
habitants of Jupiter, the heavens appear to make a revolution 
in about 10 hours, while to those of Venus, they appear to 
revolve once in 23 hours, and to the inhabitants of the other 
planets a similar difference seems^ to take place, depend- 
ing on the periods of their diurnal revolutioni^. No\j', 
there is no more reason to suppose that the heavens revolve 

Were the earth's orbit a solid mass, could it be seen by us, at the distanre 
of the fixed stars 1 Suppose the earth stood still, ho^ fiist must the sun 
mo^e to go round it in 24 hours 1 At what rate must Che fixed stars uH>ve 
to ffo romid the earth in 24 hours 1 If the heavens appear to rcvclve every 
10 nooTB at Jupiter, and every 24 hours at the earth, how can this difference 
be accounted for, if they revolve at all 1 Is there any more reason to believe 
that the sun revolves rnund the earthy than round any of the othrr p!anct<' ^ 
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round us, than there is to suppose that they revolve around 
any of the other planets, since the same apparent revolution 
is common to them all, and as we know that the other planets, 
at least many of them, tmn on their axes, and as all tne phe- 
nomena presented by the earth, can be accounted for by such 
a revolution, it is folly to conclude otherwise. 

Circles and Dimsions of the Earth, 

It will be necessary for the pupil to retain in his memory 
the names and directions of the following lines, or circles, by 
which the earth is divided into parts. These lines, it must 
be understood, are entirely imaginary, there beinff no such 
divisions marked by nature on the earth's surface. They are, 
however, so necessary, that no accurate description of the 
earth, or of its position with respect to the heavenly bodies, 
can be conveyea without them. 

^•^^^- The earth, whose 

diameter is 7912 miles, 
is represented by the 
globe, or sphere, fig. 
194. The straight line 
passing thro' its centre, 
and su>out which it 
turns, is called its axis^ 
and the two extremities 
of the axis are ihe poles 
of the earth, A being 
the north pole, and 8 
the south pole. The 
line C D, crossing the 
axis, passes quite round 
the earth, and divides 
it into two equal parts. 
This is called the equinoctial line, or the equator. That part 
of the earth, situated north of this line, is called the northern 
hemisphere, and that part south of it, the southern hemisphere. 
The small circles E F, and G H, surrounding or including 
the poles, are called the polar circles. That surrounding the 
nortn pole is called the arctic circle, and that surrounding the 

How can aB the phenomena of the heavens be aooounted for, if thev do 
not leyohel What is the axis of the eaithl What aie the poles of the 
eaiA 7 What is the equator^ Whefe are the northern and sontneni bemis- 
pheiel What ant the polar ciraies'? 
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dM amktrtk cinsfe* B atweca these drekst there is, 
aeeh ade o£ tlw equator another drele, which marks the 
mlml of the tropica towaida the north and south, from the 
equaloff. Thai to the north of the equator, I K, is called the 
tropic of Concert and that to the south, L M, the tropic oj 
Capricorn. The circle L K, extending obliquely across the 
two tropics, and crossing the axb of the earth, and the equa- 
tor at tneir point of intersection, is called the eclivtic. This 
drde, as already explained, belongs rather to tne heavens 
than Uie earth, being an imaginary extension of the plane ol 
the earth's orbit in every direction towards the stars. The 
line in the figure, shows the comparative position or direction 
of the ecliptic in respect to the equator, and the axis of the 
earth. 

The lines crossing those already described, and meeting at 
the poles of the earth, are called meridian lines, or mid-day 
fines, for when the sun is on the meridian of a place, it is 
the middle of the day at that place, and as these lines extend 
from north to south, the suil shines on the whole length of 
each, at the same time, so that it is 12 o'clock, at the same 
time, on every place situated on the same meridian. 

The spaces on the earth, between the lines extending from 
east to west, are called zones. That which lies between the 
tropics, from M to K, and from I to L, is called the torrid zone^ 
because it comprehends the hottest portion of the earth. The 
spaces which extend from the tropics, nortli and south, to the 
polar circles, are called temperate zones, because the climates 
are temperate, and neither scorched with the heat, like the 
tropics, nor chilled with the cold, like the frigid zones. Tliai 
lying north of the tropic of Cancer, is called the north tempe- 
rate zone, and that south of the tropic of Capricorn, the south 
temperate zone. The spaces included within the polar circles, 
"are called the jfrigid zones. The lines which divide the globe 
into two equal parts, are called the great circles; these are the 
ecliptic and the eouator. Those dividing the earth into small- 
er parts are callea the lesser circles ; these are the lines divi- 
ding the tropics from the temperate zones, and the temperate 
zones from the frigid zones, &.c. 

Which ig-the luetic, and which the antarctic circle 1 Where is the tropic 
q( Cancer, and where the, tropic of Capricorn 1 What is the ediptic 1 
What 9^ the meridian lineal On what part of tlie earth is the torrid sone 1 
How are the north and south temperate zones bounded ? Where are the fi^id 
tones 1 Which are the great, and which the leaser circles of the earth 1 
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The ecliptic, we have already seen, is divided into 900 
equal parts, called degrees. All circles, however large or 
small, are divided into degrees, minutes, and seconds, in the 
same manner as the ecliptic. 

The horizon is distinguished into the sensible and rational: 
The sensible horizon is that portion of the suHkce of the 
earth which bounds our vision, or the circle around us, where 
the sky seems to meet the earth. When the sun rises, he 
appears above the sensible horizon, and when he sets, he sinks 
below it. The rational horizon is an imaginary line passing 
through the centre of the earth, and dividing it into two equal 
parts. 

The axis of the ecliptic is an imaginary line passing through 
its centre and perpendicular to its plane. The extremities of 
this perpendicular line, are called tne poles of the ecliptic. 

If the ecliptic, or great plane of the earth's orbit, be con* 
sidered on the horizon, or parallel wiih it, and the line of the 
earth's axis be inclined to the axis of this plane, or the axis of 
the ecliptic, at an anffle of 23i degrees, it will represent the 
relative positions of the orbit, and the axis of the eartfi. 
These positions are, however, merely relative, for if the posi- 
tion of the earth's axis be represented perpendicular to the 
equator, as A B, fij^. 194, then the ecliptic wnl cross this plane 
obliquely, as in that figure. But when the earth's orbit is 
considered as having no inclination, its axis, of com'se, will 
have an inclination, to the axis of the ecliptic, of 231 degrees. 

As the orbits of all the other planets are inclined to the 
ecliptic, perhaps it is the most natural and convenient method 
to consioer this as a horizontal plane, with the equator inclin- 
ed to it, instead of considering the equator on the plane of 
the horizon, as is sometimes done. 

The inclination of the earth's axis to the axis of its orbit 
never varies, but always makes an angle with it of 23k de- 

Sees, as it moves round the sun. The axis of the earth is 
erefore always parallel with itself. That is, if a fine be 
drawn through the centre of the earth, in the direction of its 
axis, and extended north and south, beyond the earth s diame- 

How avB codes divided 1 How is the sensible horizon disdngcnahed from 
the rational 1 What is the axis of the ecliptic 1 What are the poles of thd 
ecHpCic 1 How many degrees is the axis of the eaith incfined to that of tha 
acimtic 1 What is said concerning the lelatiTe pootions of the earth's aads 



Moathe plane of the ecliptic 1 Are the orbits of the other planets parallel to 
the earth's oiIj^ or inelinod to it 1 What is meant by the eaithV axis befaifl 
parallel to itself 1 
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i«r, ibe lane so produced will always be parallel to ihe same 
line, or any number of lines, so drawn, when the earth is in 
different parts of its orbit 

Suppose a rod to be fixed into the flat surface of a table, and 
#o inchned as to make an angle with a perpendicular from the 
table of 23| degrees. Let this rod represent the axis of the 
earth, and ihe surface of the table, the ecliptic Now place on 
Uie table a lamp, and round the lamp hold a wire circle three or 
four feet in diameter, so that it shall be parallel with the plane 
of the table, and as high above it as the flame of the lamp. 
Having prepared a small terrestrial globe, by passing a wire 
throuni it for an axis, and letting it project a few inches each 
way, for the poles, take hold of the north pole, and carry it 
round the circle, with thepoles constantly parallel to the rocF 
rising above the table. The rod being inclined 23k degrees 
from a perpendicular, the poles and axis will be inclined in 
tlie same degree, and thus the axis of the earth will be inclined 
to that of the ecliptic every where in the same degree, and 
lines drawn in the direction of the earth's axis will be parallel 
to each other in any part of its orbit. 

fig. 19S. 




This will be understood by fig. 195, where it will be seen. 

How does it appear by fis. 195, that the axis of the earth is parallel to 
itself, in all parts of its orbit 1 How are the annual and diurnal revolutions 
of the earth iHuslrateJ by fig. 195 1 
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(hat th^oles of the earth, in the several positions of A, B^ C, 
and D, being equally inclined, are paraHel to each other. 
Snpposinff the lamp to represent die sun, and the wire circle 
^e earth s Orbit, the actual position of the earth, during^ its 
annual revolution around the sun, will be comprehended : and 
if the glebe be turned on its axis, while passing round the 
lamp, the diurnal or daily revolution of the earth will also be 
represented. 

Day and Night. 

Were the- direction of the earth's axis perpendicular to the 
plane of its orbit, the days and nights would be of equal length 
all the year, for then just one h^f of the earth, from pole to 
pole, would be enlightened, and at the same time the other 
iialf would be in dantness. 

Fig. 196. 





Suppose the line s o, fig. 196, from the sun to the earth, to 
be the plane of the earth's orbit, and that n s, is the axis of 
the earth perpendicular to it, then it is obvious, that exactly 
the same points on the earth would constantly pass through 
the alternate vicissitudes of day and night ; for all who live on 
the meridian line between n and s, which line crosses the 
equator at o, would see the sun at the same time, and conse- 
quently, as the earth revolves, would pass into the dark hemi- 
sphere at the same time. Hence in all parts of the globe, the 
days and nights would be of equal length, at any given place. 

Now it is the inclination of the earth's asds, as above de- 
scribed, which causes the lengths of the days and nights to 
differ at the same place at different seasons of the year, for on 
reviewing the position of the globe at A, fig. 196, it will be 
observed, that the line formed by the enlightened and dark 

Explain, by fig. 196, why the da^s and lusiits would every where be equal, 
weie th^ axis of the earth perpendicular to Uie plane of hia orbit. Wliat if 
the cause of the unequal lengths of the ^lys ami nighls tn dilferent jmttM of 
the world ? 



. doM not coincide widi the line of the tJOB uid 
polM,'u in fig. 196, but that the line formed by dte d&rkoMs 
•od the Ugfat, extends obliqaely acroas the line of the enrtfa's 
axia, u tbt the north jp«le is in the light, while the sonth is in 
the darit. In the position A, therefore, an observer at tha 
north pole wonld see the sun constantly, while another at the 
south ptAe, wonld not see it at all. Hence those living in the 
north temperate zone, at the season of the year when the 
earth is at A, or in the summer, would have long days and 
short nights, in proportion aa they approached the polar circle; 
white those who live in the south temperate zone, at the same 
time, and when it would be winter there, would have long 
nif^hts and short days in the same proportion. 
Seasons of the year. 
The vicissitudes of the seasons are caused by the annuni 
rrrvulution of the earth around the sun, together with the in- 
clination of its axis to the plane of ils orbit. 

It nas already been explained, that the ecliptic is the plane 
of the earth's orbit, and is supposed to be placed on a level 
with the earth's horizon, and hence, that this plane is con- 
sidered the standard, bv which the inclination of the lines 
rrossiog the earth, and the obliquity of the orbits of the other 
planet^ are to be estimated. 

The equinoctial line, or the great circle passing round the 
middk of the earth, is inclined to the ecliptic, as well as the 
ssmg round the sun, 
the equinoctial line 
intersects, or cros- 
ses ilie ei^liplic, in 
two places, oppoute 
to each other.. 

Suppose a b, fig. 
197, to be die eclip- 
tic, e/, the equator, 
and c d, the earth's 
axis. Tlie ecliptic 
and equator are 
supposed to be seen 

appear like lines 




UotT Cnea n 
knlf; in til piru. 
of (be Mrth aiuslr.i. 
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instead of circles. Now it will be understood by the figure that 
tfie inclination of the equator to the ecliptic, (or the' sun's ap- 
parent annual path through the heavens,) will cause these 
lines, namely, the line of the equator and the line of the eclip- 
tic, to cut, or cross each other, as the sun makes his appa- 
rent annual revolution, and that this intercession will happen 
twice in the year, when the earth is in the two opposite 
points of her orbit. 

These periods are on the 21st of March, and the 21st o{ 
September, in each year, and the points at which the sun is 
seen at these times, are called the equinoctial points. That 
which happens in September is called the autumnal equinox!, 
and that which happens in March, the vernal equinox. At 
these seasons, the sun rises at 6 o'clock and sets at 6 o'clock, 
and the days and nights are equal in length in every part of 
the fflobe. 

Trie solstices are the points where the ecliptic and the 
equator are at the greatest distance from each other. The 
earth, in its yearly revolution, passes through each of these 
points. One is called the summer^ and the other the winter 
solstice. The sun is said to enter the summer solstice on the 
21st of June ; and at this time, in our hemisphere, the days 
ao-e longest, and the nights shortest. On the 21st of Decem- 
ber he enters his winter solstice, when the length of the days 
and nights are reversed from what they were m June before, 
the days being shortest and the nights longest. 

Having learned these explanations, the student mil be able 
to understand in what order the seasons succeed each other, 
and* the reason why such changes are the effect of the earth's 
revolution. 

Suppose the earth, fig. 198, to be in her summer solstice, 
which takes place on the 21st of June. At this period she 
will be at a, having her north pole, n, so inclined towards the 
sun, that the whole arctic circle will be illuminated, and con- 
sequently the sun's rays will extend 23* degrees, the breadth 
of the polar circles, beyond the north pole. The diurnal revo- 

At what times in the year do the line of the ecliptic and that of the-equi- 
nox intersect each other 1 What are theae points of intersection called 7 
Wliich is the aiUnmnai and which the vernal equinox 1 At what time does 
thie sun rise and set, when he is in the equinoxes 1 What are the solstices 1 
When the sun enters the summer solstioe, what is sud of the length of the 
days and nightsi YThen does the sun enter the winter solstice, and what is 
the proportion between the length of the day and niglits 1 
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lution. therefore, wlien the earth is at a, causes no succebaon 
of day and night at the pole, since the whole frigid zon^ is 
V iihiQ reach oT his ravs. The people who live within the 
arctic circle, wiD consequently, at this time, enjoy perpetual 
day. During this period, just the same proportion of the 
earth tha: is enlightened in the northern hemisphere, wiU be 
in tot;d darkness in the opposite re^on of the southern hemi- 
sphere : 5o that while the people of the north are blessed with 
|H^rpetual day, those of the south are groping in perpetual 
liiffht. Those who lire near the arctic circle in the north 
iei»tjx?rale zone, will, during the winter, come, for a few hours, 
within the region of night, by the earth's diurnal revolution ; 
and the greater the distance from the circle, the longer will 
bo tlieir nights, and the shorter their days. Hence, at this 
season, the days will be longer than the nights every where 
between the equator and the arctic circle. At the equator, 
the days and nights will be equal, and between the equator 
and tlie south polar circle, the nights will be longer than tlie 
day^, in the same proportion as the days are longer than the 
nights, from the equator to the arctic circle. 

At what snaon of &e year b the whole aictic ciide iilimiiiuted 1 At 
what BRLSon is the whofe uitairtic circle in the darki While the people 
orar the north n^ enjoy peipetnal day, what » the ntuation of tboee near 
the sonHi pole? At what »ei»«- -» **« ^J* be kmger than the n^hts 
evny where between the er- -*- -ifdel^wjiat Beaaon will 

the nights be longer Aa» ♦' * hwiilapiifw 1 
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As the earth moTes round the sun, the line which divides 
the darkness, and the fight, gradually approaches the poles, 
till haying performed one quarter of her yearly journey fh^m 
the point a, she conies to b, about the 2l8t of September. At 
this time, the boundary of li^ht and darkness passes throusfh 
the poles, diyididg the eartn equally from east to west ; 
and thus in every part of the world the days and nights are of 
equal length, the sun being 12 hours alternately above and 
below the horizon. In this position of the earth, the sun is 
laid to be in the aututmial equinox. 

In the progress of the earth from b to c, the light of the sun 
gradually reaches a little more of the antartic circle. The 
aays, therefore, in the northern hemisphere, grow shorter at 
every diurnal revolution, until the 21st of December, when 
the whole aretic circle is involved in total darkness. And 
now, tho same places which enjoyed constant day in the June 
before, are involved in perpetual night At this time, the 
sun, to those who live in the northern hemisphere, is said to 
be in his winter solstice ; and then the winter nights are ju9t 
as long as were the summer days, and the win^rnays as long_ 
as Uie summer ni?hts. ~ 

When the eartn has gone another quarter of her annua] 
journey, and has come to the point of her orbit opposite to 
where she was on the 21 st of September, which haopens on 
the 21st of March, the line' dividing the light from the dark- 
ness again passes through both poles. In this position of the 
earth with respect to me sun, the days and nights are again 
equal all over tne world, and the sun is said to be in his vernal 
equinox. 

From the vernal equinox, as the earth advances, the north- 
em hemisphere enjoys more and more light, while the southern 
fiills into the region of darkness, in proportion, so that the 
days north of the equator increase in length, until the 21 st of 
June, at which time, the sun is a^in longest above the hori- 
zon, and the shortest time below it. 

Thus the apparent motion of the sun, from east to west, is 
caused by the real motion of the earth from west to east. If 

When win the days and niff hto be equal in all parts of the earth % At 
what seuon of the year is the whole arctic circle iofolved in darkness 1 
When are the da^jrs iad mjKhts equal all over the world 'i When is tfae son 
n the Temal equinox 1 What is the cause of the apparent motion of the 
son from east to weit 1 What is the apparent path or the soni but the real 
patii of the earth 1 ' 




ik$ mtik k in tny point of ito oMu ^ «b w3i ahnn 
in tiie oppodte point in the hemycns. WIma the cnili 
MM degree to tbe west, the son seems to move the sane &- 
iMiee to the esst ; end when the earth has completed one ie> 
TohMion in its orbit, the snn appears to have o(Nn|4eted a le- 
vekrtion through ^ heavens. Hence, it foflows, that the 
ecliptic, or the apparent path of the sun through the heaTens, 
i« the real path or the ewrth round the sun. 

It will be observed by a careful perusal of the above eiq^ 
nation of the seasons, and a close inspection of the figure by 
which it is illustrated, that the sun constantly shines on a 
IKHtion of the earth equal to 90 degrees north, and 90 degrees 
MHilK from his place m the heavens, and consequently, that 
he always lightens 180 degrees, or one half of the earth. 
IC ihrnHTore, the axis of the earth were perpendicular to the 
l^aiM" of its orbit, the days and nights would every where be 
<>«|ual« ^vr as the earth performs its diurnal revolutions, there 
vtmld be 1^ hours day, and 12 hours night But since the 
indinatikin of its axis is 23| degrees, the light of the sun is 
lKr»wii ^31 de^(rees beyond the north pole ; that is, it enlight- 
rms Uh? <«rth ^ degrees further in tnal direction, wh«a fe 
n^vrth pal<» is tttrned towards die sun, than it would, had the 
ranh^s am no indination. Now, as the sun*s li^ht reaches 
M«4> W d«fTe«9 north or south of his place in the heavens, so 
>iih<si tW arc^ ctrtle is enlightened, the antartic circle 
mniM bi^ in tbe dark; for if the hght reaches 231 degrees, be- 
>>Mi4 tW iHMlh poK it must fall fak degrees short of the south 

A« th<i> sarlh HaTfls round the sun, in his yearly circuit, 
ihk WM^MnaiMMi of the poles is alternately to¥rards, and from 
hiM^ mwum o«r winter, the north polar region is thrown 
W>NMi4 lh« lays of the sun, while a corresponding portion 
ari>iw a4 Um> aonth pole enjoys the sun's light And dius at 
ll# pi^sa Ikare are alternately six months ofdarkness and win- 
I^NN %dl six months of sunshine and summer. WhUe we, in 
iW ikwtth^rii hemisphere, are chiUed by the cold bkists of 
^Uiliwv lh# iahabilanis of the southern hemisphere are enjoy- 
km aU dia delights of summer ; and while we are scorched 

>l«JI ll» «Mlh^ axil no indinatioii, why would the days and nights 
SJhN^Vft W «<|ail1 How many dmees does the sun*s %ht roich, north and 
amlk «f iMbi^ «a lbs «aith1 IXunng our wmter, is the north pole turned to, 
St HMMlhs mial At the poles, how many days and nights are there in the 
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by the rays of a vertieal sim in June and July, our southern 
neighbors are shiyering with Ihe rigors of mid-winter. 

At the equator, no sach changes take place. The rays of 
the sun, as the earih passes around him, are vertical twice a 
year at every place between the tropics. Hence, at the equa- 
tor, there are two summers and no winter, and as the sun 
there constantly shines on the same half of the earth in suc- 
cession, the days and nights are always equal, there being Ifl 
hours of light, and 12 of darkness. 

Motion of the Earth, — The motion of the earth round the 
sun, is at the rate of 68,000 miles in an hour, while its moticHi 
on its own axis, at the equator, is at the rate of about 1042 
miles in the hour. The equator, being that part of the earth 
most distant from its axis, the motion there is more rapid 
than toward^ the poles, in proportion to its greater distance 
from the axis of motion. See fig. 16. 

The method of ascertaining the velocity of the earth's mo* 
tion, both in its orbit and round its axis, is simple, and easily 
understood ; for by knowing the diameter of the earth's or- 
bit, its circumference is readily found, and as we know how 
long it takes the earth to perform her yearly circuit, we have 
only to calculate what part of her journey she goes through in 
an hour. By the same principle, the hourly rotation of the 
earth is as readily ascertained. 

We are insensible to these motions, because not only the 
earth but the atmosphere, and all terrestrial things, partake of 
the same motion, and there is no change in the relation of 
objects in consequence of it. If we look out at the window 
of a steam -boat, when it is in motion, the boat will seem to 
stand still, while the trees and rocks on the shore appear to 
pass rapidly by us. This deception arises from our not hay- 
mg any obiect with which to compare this motion, when shut 
up in the boat ; for then every object around us keeps the 
same relative position. And so, in respect to the motion of the 
earth, having nothing with which to compare its movement, ex- 
cept the heavenly bodies, when the earth moves in one direc- 
tion, these objects appear to move in the contrary direction. 

Causes of the Heat and Cold of the Seasons, 

We have seen that the earth revolves round the sun in an 

' 

At what rate does the earth move around the sun 1 How fast does it 
move around its axis at the equator ? How is the velocity of the earth as 
certained 1 Why are we insensible of the earth's motion 1 



MfAetloMHf ofwlMitlMflniMOiieof tliefoei,aiid cmise- 
ooeiid^, lint iIm cwth k Bearesl liiiii» in <Hie part of her ori»< 
*liuiin aaotiier. From Um greal difference we experience 
between die beet of summer and that of winter, we should be 
led to suppose that the earth most be much nearer the sun is 
the hot season, than in the cold. Bat when we come to in- 
quire into this salject, and to ascertain the distance of the 
son at different seasons of the year, we find that the great 
source of heat and light is nearest as during the cold of win- 
ter, and at the greatest distance daring the heat of summer. 

It has been explained, under the article Optics^ that the 
angle of Tision depends on the distance at wnich a body of 
ffiven dimensions is seen. Now, on measuring the angular 
dimension of the sun, with accurate instruments, at dififerent 
seasons of the year, it has been found that his dimensions 
increase and diminish, and that these Tariations correspond 
exactly with the supposition, that the earth moves in an ellip- 
tical orbit If^ for instance, his apparent diameter be taken 
in March, and then again in July, it will be found to have 
diminished, which dinunution is only to be accounted for, by 
supposing that he is at a greater distance from the observer in 
July than in March. From July, his angular diameter gra- 
dually increases, till January, when it again diminishes, and 
continues to diminish, until July. By many observations, it 
is found, tliat the greatest apparent diameter of the sun, and 
therefore his least distance nrom us, is in January, and his 
least diameter, and therefore his greatest distance, is in July. 
The actual difference is about three millions of miles, the 
sun being that distance further from the earth in July than in 
January. This, however, is only about one sixtieth of his 
mean distance from us, and the difference we should experi- 
ence in his heat, in consequence of this difference of distance, 
will therefore be very small. Perhaps the effect of his proxi- 
mity to the earth may diminish, in some small degree, the 
severity of winter. 

The heat of summer, and the cold of winter, must therefore 

At what season of the year is the sun at the greatest, and at what season 
the least distanoe, from the earth 1 How b k ascertained that the earth 
moves in an eltipdcal orbit, by the appearance of the sun 1 When does the 
sun appear under the neatest apparent diameter, and when under the least 1 
How much farther is ue sun m>m us in July, than in. January ? What ef* 
fieot does this difievenoe produce on the e9Xth ? £b>w is the heat of summer, 
and the cold of winter, accounted fi>r ? 
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arise fcma Ifae Jifierence in the meridian Bltitude of Ibe nm, 
and in the time of hie continuance above the norizon. In 
aomnier, the solar rays iall on the earth, in nearly a pcrpen- 
dienlar direction, and his powerful heat is then constantly a^ 
eumnlated by the long Jays and shoit nights of the season. 
In trinter, on the contrary, th« solar rays fall so obliquely oh 
the earth, as to produce little warmth, and the small efiect they 
do produce during the short days of that season, ia almost en- 
tirely destroyed by the long nights which succeed. The dif- 
ference between the effects of perpendicular and oblique rays, 
seems to depend, in a great measure, on the different extent 
. of Bur&ce over which they are spread. When the rays of 
the Bun are made to pass through a convex lens, the heat is 
increased, because the number of rays which naturally cov- 
ered a large sur&ce, are then made to cover a smaller one, 
flo that the power of the glass depends on the number of ravs 
thus brought to a focus. 1^ on tne contrary, the rays of tlie 
sun are suffered to pass through a concave lens, their natural 
heating puwer is diminished, because they are dispersed, or 
spread over a wider surface than before. 

Now, to apply these different effects to the summer and 
winter rays of the sun, let us suppose that the rays fitlling 
perpendicularly on a given extent of surfiice, impart to it a 
certain degree of heat. 



J^ JfKt 




Ihe same number of rays do in the 



obvious, that 
if the same number of 
rays be spread over 
twice that extent of siu'- 
face, their heating pow- 
er would be diminished 
in proportion, and that 
only half the heat would 
be imparted. This is 
the effect produced by 
the sun's rays in the 
winter. They foil so 
obliquely on the earth, 
as to occupy neariy 
double the space that 



Wh J eta Ibe pCTpRMfieolu njn of nimmeT prDdncc 
dKobOqacrajsofwiatart How nlhkiQDitntedbylh 
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TUs it iDnstrated bj fig. lifl» where toe nmnber of nys 
both in winter md ■mnmer, are snpposea to be the same. 
But it wQl be obeenred, that the winier mya* owing to th«r 
oblique direction, are qyread over nearly twice as nrach sor- 
hice as thoae of rammer* 

It may, (loweTer, be remarked, that the hottest season is 
not usnuly at the exact time of the year, when the sun is roost 
▼ertical, and the days the longest, as is the case towards the 
end of June, but some time a&rwards, as in July and August 

To account for this, it must be remembered, that when the 
sun is nearly vertical, the earth accumulates more heat by day 
than it gives out at night, and that this accumulation conti- 
nues to increase after the days begin to shorten, and conse- 
quently, the greatest elevation of temperature is some time 
after the longest days. For the same reason, the thermome- 
ter generally indicates the greatest degree of heat at two or 
three o'clock on each day, and not at 12 o'clock, when the 
sun's rays are most powerfoL 

Figure of the Earth. 

Astronomers have proved that all the planets, together with 
their satellites, have the shape of the sphere or globe, and 
hence, by analogy, there was every reason to suppose, that 
the eartn would be found of the same shape ; ami .several 
phenomena tend to prove, bevond all doubt, that this is its 
form. The figure of the earth is not, however, exactly that 
of a globe, or ball, because its diameter is about 34 miles less 
from pole to pole, than it is at the ecuator. But that its gen- 
eral figure is that of a sphere, or ball, is proved by nfuiny.cir- 
rumstancea. 

When one is at sea, or standing on the sea shore, the first 
fHirt of a ship seen at a distance, is its mast. As die vessel 
ad^^ances, the mast rises hiriier and higher above the norizon, 
ami finally the hull, and whole ship, become visible. Now, 
wer« the earth's surfrce an exact plane, no such appearance 
\n>uKl lake place, for we should then see the hull long before 
lh« mast or rigging, because it is much the largest object. 



WKjf k not Um iMMMt taMon of the year at (he pendd when the da vs 
«v«^Vw^n<im4 Ike son moet critical { What is the general ^gureof tlM 
\>aMk t l|^?v«r UMlPklMi ia the diameter of the earth at ttie pole* than at ths 
«H!<*^ ^ Hv>w li Iha eoavudly of the earth pioved, by the approach of « 
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It will be plain by fi^. 200, that were the ship, a, eleva- 
ted, so that the hull should be on a horizontal line with the 
eye, the whole ship would be visible instead of the topmast, 
there being no reason, eif cept the convexity of ihe eardi, why 
the whole ship should not be visible at a, as well as at b. 

We know, for the same reason, that in passing over a hill, 
the tops of the trees are seen, before we can discover the 
grouna on which they stand ; and that when a man approach- 
es from the opposite side of a hOl, his head is seen before his 
feet 

It is a well knoMm fiict also, that navigatolrs have set out 
from a particular port, and by sailing continually westward, 
have passed around the earth, and again reached the port 
from which they saOed. This could never happen, were the 
earth an extended plain, since then the longer the navigator 
sailed in one direction, the further he would be from home. 

Another proof of the spheroidal form of the earth, is the 
figure of its shadow on the moon, during eclipses, which sha- 
dow is always bounded by a circular line. 

These circumstances prove be^^ond aU doubt, that the form 
of the earth is globular, out that it is not an exact sphere; and 
that it is depressed or flattened at the poles, is shown by the 
dLSerence in the lengths of pendulums vibrating seconds at 
the poles and at the equator. 

Under the article pendulum^ it was shown that its vibrations 
depend on the attraction of gravitation, and that as the centre of 
the earth is the centre of this attraction, so the nearer this int 
strument is carried to that point, the stronger will be the at- 
traction, and consequently tne more frequent its vibrations. 

From a great number of experiments, it has been found 

_ ' - I ._ I . ^M ^' 

Explain fig. 200. What other pvoofii of the ^bular shape of the earth aie 
mentioned 1 How b it proved by the ^flbnitSoae of the peDdaluni, that the 
earth b flattened at the polml 
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thftt a pendolmn, wludi Tibiatee ■econds mt die eqiMtor, hH 
its nanmer of rifaratioBs increased, when it is eairied towank 
the poles, and as its number of Tibtatloiis depeads upon its 
length, a clock which keeps accurate time at me equator, mart 
haTe its pendulum lengthened at &e poles. And so, on the 
contrary, a clock going correctly at, or near the poles, must 
have its pendulum shortened, to keep exact time at &e equa- 
tor. Hence the force of gravity is greatest at the poles, and 
least at the equator. 

F%- 9(^1> The manner in which the 

figure of the earth diflfers from 
that of a sphere, is represented 
by fig. 201, where n is the 
north pole, and 5 the south pole, 
the line firom one of these points 
to the other, beinff the axis of 
the earth, and the line crossing 
this the equator. It will be 
seen by this figure that the 
sur&ce of the earth, at the 
poles, is nearer its centre, than 
the surface at the equator. 
The actual difference between 
the polar and equatorial diameters is in the proportion of 300 
to 901. Tlie earth is therefore called an oblate spheroidj the 
word oblate si^ifyinff the reverse of oblong, or shorter in one 
direction than m anouer. 

The compression of the earth at the poles, and the conse- 
quent accumulation of matter at the equator, is probably the 
effect o{ its diurnal revolution, while it was in a soft or plastic 
state. If a ball of soft clay, or putty, be made to revolve 
rapidly, by means of a stick passed through its centre, as an 
axis, it will swell out in the middle, or equator, and be de- 
pressed at the poles, assu^iing the precise figure of the earth. 
This figure is the natural and obvious consequence of the 
centrifugal force, which operates to throw the matter ofil^ in 
proportion to its distance from the ax\3 of motion, and the 
rapidity with which the ball is made to revolve. The parts 
about the equator would therefore tend to fly off, and leave 

is 

cwxie „ .„.^ . ^^^„ .„ ^ ^ ^^ ^^ 

limentl Exphun the leason why a plastic ball will swell at the eqiiat(»| 
when made to revolve. 
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tae other parts, in consei^uence of the centrifugal force, trhile 
those about the poles, being near the centre of motion, would 
receive a much smaller in^puise. (^Consequently the ball 
would swell, or bulge out at the equator, which would produce 
a corresponding depression at the poles. 

The weight of a body at the poles is found to be greater 
than at the equator, not only because the poles are nearer 
the centre of the earth than the equator, but because the cen- 
trifugal force there tends to lessen its gravity. T^e wheel 
of machines, which revolve with the greatest rapidity, are 
made in the strongest manner, otherwise they will fly in 
pieces, the centrifugal force not only overcoming the gravity, 
but the cohesion of their parts. 

It has been, found, by calculation, that if the earth turned 
over once in 84 minutes and 43 seconds, the centrifugal force 
at the equator would be equal to the power of gravity there, 
and that bodies would entirely lose their weight. If the 
earth revolved more rapidly than this, all the buildings, rocks, 
mountains, and men, at the equator, would not only lose their 
weight, but would fly away, and leave the earth. 

Solar and Siderial Time, 

The stars appear to go round the earth in 23 hours, 66 
minutes, and 4 seconds, while the sun appears to perform the 
same revolution in 24 hours, so that the stars gain 3 minutes 
and 56 seconds upon the sun^ every day. In a year, this 
amounts to a day, or to the time taken by the earth to per- 
form one diurnal revolution. It therefore happens, that wlien 
time is measured by the stars, there are 366 days in the year, 
or 366 diurnal revolutions of the earth, while, if pleasured 
by the sun from one meridian to another, there are only 365 
whole days in the year. The former are called the siaeriaU 
and the latter solar days. 

. To account for this diflerence, we must remember that the 
earth, while she performs her daily revolutions, is constantly 
advancing in her orbit, and that, therefore, at 13 o'clock to^ 
day, she is not p recisely at the same place in respect to the 

What two causes render the weights of bodies less at the equator than at 
the poles % What would be the consequence on the weights of bodies at the 
equator, did the earth turn over once in 84 minutes and 43 seconds 1 The stars 
ai^ar tq move round the earth in less time than the son, what doeK the 
difference amount to in a year 1 Whatis theyearmeiiax^liyastarealMI 
What Is that measnred by the sun caDed 1 

21* 
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min* that she wad at 12 o'clock yesterday, or wi]I be to-mor- 
row. But the fixed stars are at such an amazing distance 
from us, that the earth's orbit, in respect to them, is but a 
point ; and therefore, as the. earth's diurnal motion is perfectly 
uniform, she revolves from any e^iven star to the same star 
a^n, in exactly the same period of absoliHe time. The orbit 
o? the earth, were it a solid mass, instead of an imaginary 
circle, would have no appreciable length or breadth, when 
aeen from a fixed star, and therefore, whether the earth per- 
formed her diurnal revolutions at a particular station, or wnile 
passing round in her orbit, would make no appreciable difier- 
enco with respect to the star. Hence the same star, at every 
complete daily revolution of the earth, appears precisely in 
the same direction at all seasons of the year. The moon, for 
instance, would appear at exactly the same point, to a person 
who walks rounu a circle of a hundred yards in diameter, 
and for the same reason a star appears in the same direction 
from all parts of the earth^s orbit, though 190 millions cf miles 
in diameter. 

If the earth had only a diurnal motion, her revolution, in 
respect to the sun, would coincide exactly with the same 
revolution in respect to the stars ; but while she is making one 
revolution on her axis towards the east, she advances in tht 
same direction about one degree in her orbit, so that to bring 
the tame meridian towards the sun, she must make a little 
more tfian one entire revolution. 




HbwIs the d M e wu eg hi time Mffoes the nivr and ddauJ year 
tel Thae«tt's<»UtlitN*a{MiB^tBmftnnQ0toaiCtf^ how 
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To make this plain, suppose the sun, «, fig. 20% to be ex: 
actly on a meridian line marked at e, oii tlie earth Jt* on a 
given day. On the next day, the earth, instead of being at A, 
as^ on the day before, advances in its orbit to Bf and m the 
mean time having completed her revolution, in respect to a 
star, the same meridian line is not brought under the sun, as 
on the day before, but falls short of it as at e, so that the earth 
has to perform more than a revolution, by the distance from c 
to 0, in order to bring the same meridiltn again imder the sun. 
So on the next day, when the earth is at C, slie must again 
complete more than two revolutions, since leaving A, by the 
space from e to o, before it will again be noon at e. 

Thus, it is obvious, that the earth must complete one revo- 
lution, and a portion of a second revolution, equal to the space 
she has advanced in her orbit, in order to bring the same me- 
ridian back again to the sun. This small portion of a second 
revolution amounts daily to the 365th part of her circumfer- 
ence, and therefore, at the end of the year,, to one entire rota- 
tion, and hence in 305 days, the earth actually turns on her 
axis 366 times. Thus, as one complete rotation forms- a si- 
derial day, there must, in the year, be one siderial, more than 
there are solar days, one rotation of the earth, witli respect to 
the sun, being lost, by the earth's yearly revolution. The same 
loss of a day happens to a traveller, who, in passing round 
the earth towards the west, reckons his time by the rising and 
setting of the sun. If he passes rounJ tv>»vards the east, he 
will gain a day for the same reason. 

JSquatiancf THme. 

As the motion of the earth about its axis is perfectly uni- 
form, the siderial days, as we have already seen, are exactly of 
the same length, in all parts of the year. But as the orbit of 
the earth, or the apparent path of the sun, is inclined to the 
earth'a axis, and as the eartli moves with difierent velocities 
in different parts of its orbits the solar, or natural days, aro 
sometimes greater and sometimes less than 24 hours, as shown 

Had the earth only a diurnal revdution, would the ddcrial and solar time 
agree 1 Show by fig. 2()2, how siderial, difiera from solar time. Why doei» 
not the earth turn the same meridian to the sun at the same time every day t 
How many times does the earth turn on her axis in a year ? Why does sm 
turn more timeB than theie are days in the year? Why are the aofer days 
aonietiines greater, wad somiilmsf W than 24 Imhus? 
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bjr an accurate dock* The consequence is, that a true sun 
dialy or noon mark, and a true time piece, agree with each 
other, only a few times in a year. Tne difference between 
the sun dial und clock, thus shown, is called the equation oj 
time. 

The difference between the sun and a well regulated clock, 
thus arises from two causes, the inclination of the earth^s axis 
to the ecliptic, and the elliptical form of the earth^s orbit 

That the earth mov^ in an ellipse, and that its motion is 
more rapid sometimes than at others, as well as that the earth's 
axis is mclincd to the ecliptic, have already been explained 
and illustrated. It remains, therefore, to show how thes^ 
two combined causes, the elliptical form of the orbit, and the 
inclination of the axis, produce the disagreement between tht 
sun and clock. In this explanation, we must consider the 
sun as moving around the ecliptic, while the earth revolves on 
her axis. 

Equals or mean time, is that which is reckoned by a clock, 
supposed to indicate exactly 24 hours, from 12 o clock on 
one day, to 12 o'clock on the next day. Apparent time, is 
that which is measured by the apparent motion of the sun in 
the heavens, as indicated by a meridian line, or sun dial. 

Were Uio earth^s orbit a perfect circle, fig. 196, and her 
axis perpendicular to the plane of this orbit, the days would 
be of uniform length, and tliere would be no difference be- 
tm^en the dock and the sun ; both would indicate 12 o'clock 
*t the same time, on every day in the year. But on account 
of the inclination of the cartfi's axis to the ecliptic, unequal 
|H^iiHi$ of the sun^s apparent )>ath through the heavens will 
IMi** any meritlian in equal times. This may be readily ex- 
|>laine«i Ka the pupil, by means of an artificial globe, but per- 
tMifa tl will ba understood by tlie following diagram. 






WlMJt i» lW» dUl^vrtice between the tinmof a sun dial and a clock called 1 
WW 4M llli» <MM»ni of the diflerenoe b^ween the sun and clock 1 In ex- 
^^ViM^ »| W it > M i of liitte, what motion ia^onndered as bekMiging to the sun, 
«Miw^«iWNMliMi%fttiMMith) What ifr equal, or mean time? What is 
1 
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203y be the concave 
of the heavens, in the 
centre of which is 
the eartfi. Let the 
line A B, be the 
equator, extending 
through the earth 
and the heavens, and 
)^ let A, Oj 6, C, c, and 
d, be the ecliptic, or 
the apparent path oi 
the sun through the 
heavens. Also, let 
A, 1, 2, 3, 4, 5, be 
equal distances on 
the equator, and A, a, 
5, C, c, and J-, equal 
portions of the eclip- 
dct corresponding with A 1, 2, 3, 4, and 5. Now we will sup- 
pose, that there are two suns, namely, a false, and a real one ; 
that the false one passes through the celestial equator, ^hich 
is only an extension of the earth's equator to the heavens ; 
whUe the real sun has an apparent revolution through the 
ecliptic ; and that they both start from the point A, at the 
same instant. The false sun is supposed to pass through the 
celestial equator in the same time, that the re^l one passes 
through the ecliptic, but not through the same meridians 
at the same time, so that the false sun arrives at the points 
1, 2, 3, 4, and 5, at the time when the real sun arrives at 
the points a, ft, C, and c. When the two suns were at A, 
the starting point, they were both on the same meridian. 
but when the fictitious sun comes to 1, and the real sun to a, 
they are not in the same meridian, but the real sun is west^ 
ward of the fictitious one, the real sun being at a, while the 
false sun is on the meridian 1, consequently, as the earth 
turns on its axis from we&rt to east, any particular place will 

In fig. 203, which is the celestial equator, and which the ecliptic 1 
Through which of ^ese drcles does the false, and through which doea the 
true son paasi When the real sun arrives to a, and the false one to 1, 
are they both on the same meridian'? Which is then most westward! 
When the two suns are at 1 and a, why will any meridian come first 
Wider the raal suni Were the true mn in place of the false one, why 
Would the sun and dock agree 1 
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cooM lader i1m 1011*8 imI meridian, sooner than under iht 
idiCioiw 8an*s meridiui; that is, it will be 12 oVlock by ihft 
tme salt before it is 13 o'clock by the false sun, or by a true 
doek ; but were the true sun in ])lace of the hkc one, the 
sun and clock would aeree. 'While the true sun is passing 
through that quarter of his orbit, from a to C, and the ficti- 
tious sun from 1 to 3, it will always be noon by the true sun 
before it is noon by the false sun, and during this period, the 
sun will he faster tnan the clock. 

When the true sun arrives at C, and the false one at 3, they 
are both on the same meridian, and the sun and clock agree. 
But while the real sun is passing from C to B, and the false onfe 
from 3 to B, any meridian comes later under the true sun tlian 
it does under the fidse, and then it is noon by the sun after it 
b noon by the clock, and the sun is then said to be slower than 
the clock. At B, both suns are again on the same meridian, 
and then again the sun and clock agree. 

We have thus followed the real sun through one half of his 
true apparent place in the heavens, and the false one through 
half the celestial equator, and have seen that the two suns, 
since leaving the point A, have been only twice on the same 
meridian at me same time. It has been supposed that the two 
suns passed through equal arcs, in equal times, the real sun 
through the ecliptic, and the false one through the equator. 
The mace of the false sun may be considered as representing 
the place;where the real sun would be, in case the earth^s axis 
had no inclination, and consequently it agrees with the clock 
every M hours. But the true sun, as he passes round in the 
ecliptic, comes to the sajne meridian, sometimes sooner, and 
sometimes later, and in passing around the other half of the 
ediptic, or in Uie other naif year, the same variations succeed 
each other. 

The two suns are supposed to depart from the point A, on 
the 20th of March, at wnich time the sun and clock coincide. 
From this time, the sun is faster than the clock, until the two 
suns come together at the point C, which is on theSlst of 
June, when the sun and clock again agree. From this period 

the sun is slower than the clock, until the 23d of September, 

— ■ - - ■ I 

While th» rans ue puane from A to C, and from 1 to 3, will the 
mm be &8tcr or dower than Uie clock 1 When the tr.^ sum are at C, 
and 3, why will the ami and clock agree 1 ' While tho real acin k paMh^ 
iioin B to C, which is fittest, the clock, or suni What does the plaoe ol 
»he fljee aun reprewnt , in % flOSI 
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nd f aster again until the 21 st of December, at which tiine 
they affree as before. 

We have thus seen how the inclination of die earth's axis, 
and the consequent obliquity of the equator to the ecliptic, 
causes the sun and clock to disagree, and on wbat days they 
would coincide, provided no other cause interfered with their 
agreement But although the inclination of the earth's axis 
would bring the sun and clock together on the above-men- 
tioned days, yet this agreement is counteracted by another 
cause, which is the elliptical form of the earth^s orbit« and 
though the sun and clock do agree four times in the year, it 
is not on any of the days above mentioned. 

It has been shown by fig. 193, that the earth moves more 
rapidly in one part of its orbit than in anodier. When it is 
nearest the sun, which is in the winter, its velocity is greater, 
than when it is most remote from him, as in the summer. 
Were the earth's orbit a perfect circle, the sun and clock 
would coincide on the days above specified, because then the 
only disagreement would arise from the inclination of the 
earth's axis. But since the earth's distance firom the sun is 
constantly changing, her rate of velocity also chanffes, and 
she passes through unequal portions of her orbit in equal 
times. Hence on some days, she passes through a greater 
portion of it than on others, and thus this becomes another 
cause of the inequality of the sun's apparent motion. 

The elliptical form' of the earth's orbit would prevent the 
coincidence of the sun and clock at all times, except when 
the earth is at the greatest distance from the sun, which hap- 
pens on the 1st of July, and when she is at the least distance 
from him, which happens on the 1st of January. As the earth 
moves faster in the winter than in the summer, from this 
cause, the sun would be faster than the clock from the 1 st of 
July to the 1st of January, and then slower than the clock 
from the 1st of January to the 1st of July. 

We have now explained, separately, the two causes which 
prevent the coincidence of the sun and clock. By the first 
cause, which is the inclination of the earth's axis,. tfiey would 

Tlie inclination of the earth's axis would make the sun and dock agree 
in March, and the other months above named : why then do they not ac- 
tually agree at those times 1 Were the earth's oibit a perfect dide, on 
what days would the sun and clock agree 1 How does the form of the 
earth's orbit int^ere with the agreement of the sun and dodi on those 
days? At what times would the form of the earth's orbit hving the g<iii 
and clock to agree 1 
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agne tour thnes in ihe year, and by the sec<Hid eatue, tbe ir 
reguhrity of the earth's motioii, they would coincide only 
twice in the ytnr. 

Now these two caoses counteract the ^ects of each other, 
•o that the son and clock do not coincide on any of the days, 
when either caose, taken singly, would make an agreement 
between them. The son and clock, therefore, are together, 
only when the two causes balance each other ; that is, when 
one cause so counteracts the other, as to make a mutual 
agreement between them. This efiect is produced four times 
in the year ; namely, on the 15th of April,15th of June, 31st 
of August, and 24th of December. On Uiese days, die sun 
and a clock keeping exact time, coincide, and on no others. 
The greatest difference between the sun and clock, or between 
apparent and mean time, is 161 minutes, which takes place 
about the Ist of Norember. 

Precession of the Equinoxes. 

A tropical year is the time it takes the sun to pass from 
one equinox, or tropic, to the same tropic, or equinox, again 

A siderial year is the time it takes the sun to perform h]» 
apparent annual reyolution, from a fixed star, to the same fix- 
ed star again. 

Now it has been found that these two complete reyolutious 
are not finished in exactly the same time, but that it takes the 
sun about 20 minutes longer to complete his apparent revolu- 
tion in respect to the star, than it does in respect to the equi- 
noTj and ncnce the siderial year is about 20 minutes longer 
than the tropica] year. The revolution of the earth from 
equinox to equinox, again, therefore precedes its complete re- 
volution in the ecliptic by about 20 minutes, /or the absolute 
revolution of the earth is measured by its return to the fixed 
star, and not by the return of the sun to the same equinoctial 
point Tliis apparent falling back of the equinoctial point, 
so as to make tne time when it meets the sun precede the time 

The inclination oi the earth's axis would make the son and dock 
agree four times in the year, and the form of the earth's orbit wouU 
make them agree twice in the tear, now diow the retatm why they do 
not agree firam these causes, on the above mentioned days, and why they 
fb ame on other days. On what days do the sun and Gk>ck agree 1 
What i) a bo|Hcal yearl What is a sldsrial yearl What is the <fi^ 
Seaenoe in the time which it takes the sun to complete his vevolutkMi in 
rsqieot to a star, and in respect to the equinox 1 Kz]rfain what is mei«*. 
by (he pnoeaaon of the equinoxes 



PRECBS8ION OF i£QtltKOXB«. 353 

lAen the eardi makes its emnplete reTohiti<m in vespeet to die 
star, is called the precession of ike, equinoxes. 

The distance Which the sun thus fains upon tfie ixed star, 
or ihe diflerence between the sun and star, when the sun has 
arrived at the equinoctial point, amounts to 50 seconds of a 
degree, thus maunjir the equinoctial point recede 50 seconds 
of a degree, (when measured by the signs of the aodiac,^ 
westwara, every ^ear, contrary to the sun's annual progressive 
motion in the ecliptic. 

Fig. 904. 




To illustrate this by a figure, suppose S^ fig. 904, to be the 
sun, E the earth, and o a fixed star, all in a straight line with 
respect to each other. Let it be supposed that this opposi- 
tion takes place on the 21st of March, at the vernal equinox, 
and that at-that time the earth is exactly between the sun and 
tlie star. Now when the earth has performed a complete 
revolution around its orbit &, a, as measured by the star, she 
will arrive at precisely the same point where she now is. But 
it is found that when the earth comes to ihe same equinoctial 
point, the next year, she has not gone her complete revolution 
m respect to the star ; the ecjuinoctial point having fallen back 
wiUi respect to the star, dunng the year, from JETto e, so that 
the earth, after ving completed her revolution, in respect to 

How many aeoondB of a degree does the eqoiiioz noede emj jesr, 
ifhen tbe sun's t^aoe is conqwred with a star 1 How does % 90i^ i- 
Jastrate the moesBionof the eouiiiozesl Ezpblii fig. fiM» and 
Awn whal ponrti tfie eqimioaMS fiol haek flmn year to yetf; 

22 
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the eaniiiozt has yet to pase the space from e to E, to com 
]^te ner revolution in respectto the star. 

Hie space from E to e, being 50 seconds of a degree, and 
the eqainoctial point £dling this space every year short of the 
place where the sun and this point agreed the year before, it 
18 obvious, that on the next revolution of the earUi, the equi- 
nox will not be found at e, but at t, so that the earth, having 
completed her second revolution in respect to the sun when at 
f , will still have to pass from i to £, before she completes an- 
other revolution in respect to the star. 

The precession of the equinoxes, being 50 seconds of a de- 
gree, every year, contrary to the sun's apparent motion, or 
about 20 minutes in time, short of the pomt where the sun 
and equinoxes coincided the year before, it follows, that the 
fixed Stan, or those in the sign of the zodiac, move forward 
every year 50 seconds, with respect to the equinoxes. 

In consequence of this precession, in 2160 years, those stars 
which now appear in the beginning of the sign Aries, for in- 
stance, will then appear in Uic beginning of Taurus, having 
moved forward one whole sign, or 30 degrees, with respect to 
the equinoxes, or the eauinoxes having gone backwards 30 
degrees, with respect to tne starsi In 12,960 years, or 6 times 
2160 years, therefore, the stars will appear to have moved 
forward one half of the whole circle of the heavens, so that 
those which now appear in the first degree of the sign Aries, 
will then be in the opposite point of the zodiac, and therefore, 
in the first degree of Libra. And in 12,690 years more, be- 
cause the equinoxes will have fallen back the other half of 
the circle, the stars ^vill appear to have gone forward, from 
Libra to Aries, thus completing the whole circle of the zodiac. 
Thus in about 26,000 years the equinox will hare gone back- 
wards a whole revolution around the axis of the ecliptic, and 
the stars will appear to have gone forward the whole circle of 
the zodiac. 

The discovery of the precession of the equinoxes has thrown 
much light on ancient astronomy and chronology, by showing 
an agreement between ancient a nd modern observations, con- 
How many minutes, in time, is the precession of the equinoxes po 
yw 1 What effect does this i>recessi(Mi produce on the fixed stars 1 
How many years is a star in going forward one degree, in respect to the 
equinoxes t In how many years will the sUrs appear to have passed 
lialf aiound the heavens 1 In what period will the earth appear to have 
Ipne backwards one whole revolution? In what respect is the prece*. 
lion of Che equinoxes an bnportant subject 1 
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cerning the places of the signs of the zodiac, not to be recon^' 
ciled in any other manner. 

A coin])lete explanation of the cause which occasions t]ie 
precession of the equinoxes, would require the aid of the most 
abstnise mathematics, and therefore cannot be properly in- 
troduced here. The cau^e itself may, however, be stated in 
a few words. 

It has already been explained, that the revolution of the 
earth round its axis, has caused an excess of matter to be 
accumulateil at the equator, and hence, that the equatorial, is 
greater than the polar diameter, by 34 miles. Now the at- 
traction o( the sun, and moon, on this accumulated matter at 
the equator, has the effect of slowly turning the earth about 
the axis of the ecliptic, and thus causing the precession of the 
equinoxes. 

The Moon. 

While the earth revolves round the sun, the moon Irevolvcs 
round the earth, completing her revolution once in 27 days, 
7 hours, and 43 minutes, and at the distance of 240,000 miles 
from the earth. The period of the moon's change, that is, 
from new moon to new moon again, is 29 days, 12 hours, and 
44 minutes. 

The time of the moon's revolution round the earth is called 
her periodical month; and the time from change to change 
is called her synodical month. If the earth had no annual 
motion, these two periods would be equal, but because the 
earth goes forward in her orbit, while the moon goes round 
the earth, the moon must go as much farther, from change to 
change, to make these periods equal, as the earth ffoes for- 
war3 during that time, which is more than the twelfm part of 
her orbit, there being more than twelve lunar periods in the 
year. 

These two revolutions majr be familiarly illustrated by the 
motions of the hour and mmute hands of a watch. Let us 
suppose the 12 hours marked on the dial plate of a watch to 
represent the 12 signs of the zodiac through which the sun 
seems to pass in his yearly revolution, while the hour hand of 

What is the cause of the precession of the ea^iinoxes 1 What is the 
period of the moonV revolation round the earta ? What is the period 
from new moon to new moon again 1 What are these two periods 
called? Why are not the periodical and synodical months equal 1 How 
are tiiese two xcvolutions of the moon illustrated by th^ two bands of 
% watch % \ , 



2M MOOK. 

the wAtch reprueiiti the 111119 and tbe inimite hand die moon, 
llieii, u the hour hand goes around the dial plate once in \% 
hours, so the sun apparently goes around the zodiac once in 
IS months; and as the minute hand makes 12 rerolutions to 
one of the hour hand, so the moon makes 13 rerolutions lo 
one of the sun. But the moon, or minute hand, must go more 
than once round, from any point on the circle^ wFiere it last 
came in conjunction with the sun, or hour hand, to overtake 
it again, since the hour hand will have moved forward o£ the 
place where it was last overtaken, and consequently the next 
conjunction must be forward of the place where the last hap- 
pened. During an hour, the hour hand describes the twelfth 
part of the circle, but the minute hand has not only to ii^o 
round the whole circle in an hour, but also such a portion of 
it, as the hour hand has moved forward since they last met. 
'Fhus at 12 o'clock, the hands are in conjunction ; the next 
conjunction is 6 minutes 27 seconds past I o'clock ; the next, 
10 min. 54 sec. past II o'clock ; the third, 16 min. 21 sec. 
past III ; the 4th, 21 min. 49 sec. past lY : the 5th, 27 min. 
10 sec. past V ; the 6th, 32 min. 43 sec. past VI; the 7thy 
38 min. 10 sec. past VII ; theSth, 43 min. 38 sec. past YIII ; 
the 9th, 49 min. 5 sec. past IX ; the 10th, 54 min. 32 sec 
past % ; and the next conjunction is at XII. 

Now although the moon passes around the earth in 27 days 
7 hours and 43 minutes, yet her change does not take place 
at the end of this period, because her changes are not occa- 
sion<Ml by her revolutions alone, but by her comin? periodical; 
ly into Uie same position in respect to the sun. At ner change, 
she is in conjunction with the sun, when she is not seen at all, 
and at this time astronomers call it new moon, though gene- 
niily, we say it is new moon two days afterwards, when a 
small part of her face is to be seen. The reason why there 
is not a new moon at the end of 27 days, will be obvious, from 
the nK>tions of the hands of a watch ; for we see that more 
than a revolution of the minute hand is required to bring it 
again in the same position with the hour hand, by about the 
twelfth part of the circle. 

The same principle is true in respect to the moon ;.for as 

M«nftion the time of several oonjuncdoiu between the two hands of t 
watch. Why do not the moon's changes take place at the peiiods of 
her levoiution aromid the eaithi How much loiter does It take the 
moon to come a^n m oonjunction' with the sun, than it does to perfinrm 
her period!9t»! rcToImion 1 
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the earth advances in its orbit, it takes the moon 2 dajs 5 
hoiUTB ta\d 1 mmute longer to come again in conjunction with 
the snn, than it does to make her monthly revolution round 
the earth ; and this 2 days 5 hours and 1 minute being added 
to 27 days 7 hours and 43 minutes, the time of the periodical 
revolution makes 29 days 12 hours and 44 minutes, the 
period of her synodical revolution. 

The moon always presents the same ^side, or face, towards 
the earth, and hence it is evident that she turns on her axis 
but once, while she is performing one revolution round the 
eartli, so that the inhabitants of the moou have but one day, 
and one ni^ht, in thp course of a lunar month. 

One half of the moon is never in the dark, because when 
this half is not enlightened by the sun, a strong light is reflect- 
ed to her from the earth, during the sun's absence. The 
other half of the iQoon enjoys alternately two weeks of the 
sun's light, and two weeks of total darkness. 

The moon is a globe, like our earth, and, like the earth, 
shines only by the light reflected from the sun; therefore, 
while that half of her which is tm-ned towards the sun is 
enlightened, the other half is in darkness. Did the moon 
shine by her own light, she would be constantly visible to us, 
for then, being an orb, and every part illuminated, we should 
see her constantly full and round, as we do the sun. 

One of the most interesting circumstances to us, respecting 
the moon, is, the constant changes which she undergoes, in 
her passage around the earth. When she first appears, a day 
or two after her change, we can see only a small portion of her 
enlightened side, which is in the form of a crescent ; and at 
this time she is commonly called new moon. From this peri- 
od, she goes on increasing, or showing more and more of her 
face every evening, until at last she becomes round, and her 
* face fully illuminated. She then begins again to decrease, by 
apparently losing a small section of her face, and the next 
evening, another small section from the same part, and so on, 
decreasing a little every day, until she entirely disappears ; 
and having been absent a day or two, re-appears, in the form 
of a crescent, or new moon, as before. 

How is it proved that the taioon makes but one levolutioii on her axis, 
as she pawes around the earthi One half of the moon is never in the 
(lark; explain why this is so. How long is the day and night at tiie 
other half? How is it ^own that the moon dnnes only by i efleoted 
lightl 

22* 
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Whin tbe mocm dbtpfMUft, Anb b aaid to be in coi^fiiietioiit 
dial i% die k im die seme directioii firom m with die soil 
When ihe b lyll» At ie eeid to be in opposiHath diet is, elie is 
in diet pert of the heerens qppoeite to the sunt as seen by lu. 

The oifleieat eppeerances of the tnoon, from new to fulU 
and from fuU to ckange^ are owiii^ to her presenting different 
portions of her enlightened surnce towards us at difierent 
times. Hieseappearances are called ihtpkasea of die moon, and 
are easily aceoonted for, and understood, by the following figure 

F^. 205. 





Let S^ fig. 205, be die sun, E the earth, and A^ B, C, P, 
£, the moon in different parts of her orbit. Now when the 
moon changes, or is in conjunction with the sun, as at A^ her 
dark side is turned towards the earth, and she is invisible, as 
represented at a. l^e sun always shines on one half of tlic 
moon, ir erery direction, as represented at A and B, on the 
inner circle ; but we at the earth can see only such portions oi 
the enlightened half as are turned towards us. After her change, 
when she has moved from ^ to jB, a small part of her illumi- 
nated sidQ comes in sight, and she appears homed, as at 2», and 
is thefl called the new moon. When she arrives at C, several 
days afterwards, one half of her disc is visible, and she ap- 
pears as at c, her appearance being the same in both circles. 
At this point she is said to be in hex first quarter , because she 
has passed through a quarter of her orbit, and is 90 degrees 

Wlle<t b the i^QpR siud to be in canjunction with the sun, and when in oppo- 
sitiMilo^sonY WhaiBfe the phases of the moon 1 Describe fiff. 305, and 
show how the inooBL.|wimtfs fnxn change to fill], and from fitll to change 
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urom tb6 pbce of h^ eonjmiction with the sun. At D, she 
shows us still more of her enlightened side, and is tfien said 
to appeal ffibbous^ as at d. When she comes to £, her whole 
enlightened side is tamed towards the earth, and she appears 
in aU the splendor of n full moon. During the other half of 
her revolution, she daily shows less and less of her illuminated 
side, until she s^in becomes invisible hy her conjunction 
with the sun. Tiius in passing firom her conjunction a, to 
her full, e, the moon appears every day to increase, while in 
going from her full to her conjunction again, she appears to 
us constantly to decrease, but as seen from the sun, she ap- 
pears always full. 

The earth, seen by the inhabitants of the moon, exliibits 
the same phases that the moon does to us, but in a contrary 
order. "When the moon is in her conjunction, and con- 
sequently invisible to us, the earth appears full to the people 
of the moon, and when the moon is full to us, the earth is 
dark to them. 

The earth appears thirteen times larger to the lunarians 
than the moon does to us. As the moon always keeps the 
same side towards the earth, and turns on her axis only as she 
moves round the earth, we never see her opposite side. Con- 
sequenUy» the lunarians who live on the opposite side to ns 
never see the earth at all. To tliose who live on the middle 
of the side next to us, our earth is always visible, and directly 
over head, turning on its axis nearly thirty times as rapidly 
as the moon, for she turns only once in about thirty days. 
A lunar astronomer, who diould happen to live directly oppo- 
site to that side of the moon, which is next to us, would na^'c 
to travel a quarter of the circumference of the moon, or about 
1500 miles, to see our eLiXh above the horizon, and if he had 
the curiosity to see such & glorious orb, in its full splendor 
over his head, he must travel 3000 miles. But if his curiosity 
equalled that of the terrestrials, he would be amply compensated 
by beholding so glorious a nocturnal luminary, a moon thir- 
teen times as large as ours. 

That the earth shines upon the moon as the moon does upon 
us, is proved by the fact that the outline of her whole disc may 

What is said conccnmig the phages of the earth, as leen fiom thfi; 
moon 1 When does the earth appear full at the moon 1 When is the 
^.arth, in her change, to the people of the moonT ^ Why do those who 
five on one dde of the moon never see the earth 1 How is it known 
duit the earth dxincs upon die moon, as the moon docs upon us 1 
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be leen, wheo only ft P^ri of it is enlightened by the sun. 
Thus when the sky is clear, and the moon only two or three 
days old, it is not uncommon to see the brilliant new moon, 
with her horns enlightened by the sun, and at the same time, 
the old moon fidntlv illununated by reflection from the earth. 
'Iliis phenomenon is sometimes called *' the old moon in the 
new moon's arms." 

It was a disputed point among former astronomers, whethei 
the moon has an atmosphere; but the more recent discoveries 
iiare decided that she has an atmosphere, though there is 
reason to believe that it is much less dense than ours. 

When the moon's surface is examined through a telesocpe, 
it is found to be wonderfully diversified, for besides the dark 
spots perccpUble to the naked eye, there are seen extensive 
valleys, and long ridges of highly elevated mountains. 

Home of tliese mountains, according to Dr. Herschel, are 4 
miles high, while hollows move than 3 mt^es deep, and almost 
exactly circular, appear excavated on the plains. Astronomers 
liave been -at vast labor to enumerate, figiu'e, and describe, the 
Tnouutains and spots on the surface of the moon, so that the 
latitude and longitude of about 100 spots have been ascertain- 
ed, and their names, shapes, and relative positions given. A 
still greater number of mountains have been named, and their 
heists and the lengtli of their bases detailed. 

The deep caverns, and broken appearance of the moon's 
surface, long since induced astronomers, to believe tlmt such 
eflects were produced by volcanoes, and more recent discov- 
eries have seemed to prove that this suggestion was not with- 
out foundation. Dr. Herschel saw ^vitn his telescope, what 
appeared to him three volcanoes in the moon,- two of which 
were nearly extinct, but the third was in the actual state of 
eruption, throwing out fire, or other luminous matter, in vast 
(quantities. 

It was formerly believed that several large spots, which ap- 
peared to have plane surfaces, were seas, or lakes, and that a 
part of the moon's surface was covered with water, like that 
of our earth. But it has been found, on closely observing 
these spots, when tliey were in such a position as to reflect 
the sun's light to the earth, had they been water, that no 
such reflection took place. It has also been found, that when 

What is said conceminff the moon's atmospheml How high vn* 
tfome of tl^e moimtains, and liow deep the caverns of the moon 1 What 
is said concerning the i^ofeanocf o^the mocn 1 
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these iqpois were turned in a certain position^ dieir sturfiieefl 
a|;>peared rough, and uneven ; a certain indication that fiiey 
are not water. These circumstances, together witb the (act, 
dtat the moon^s surface is never obscured by mist or vapor, 
arising Srom the evaporation of water from her surface, have 
mduced astronomers to believe, that the moon has neither 
sf as, lakes, nor rivers, and indeed that no iVater e^sts there. 

Eclipses 

Every planet and satellite in the solar system is illurainated 
by, the sun, and hence they cast shadows in the direction op- 
posite to him, just as the shadow of a man. reaches from the 
sun. A shadow is nothing more than the interception of the • 
rays of light by an opaque body. The earth always makes a 
shadow, which reaches to an immense distance into open 
space, in the direction opposite to the sun. When the earth, 
turning on its axis, carries us out of the sphere of the sun's 
light, we say it is sun-set^ and then we pass into the earth's 
shadow, and night comes on. When the earth turns half 
round from this point, and we again emerge out of the earth's 
shadow, we say, the sun rises, and then day begins. 

Now an eclipse of the moon is nothing more than her felling 
into the shadow of the earth. The moon having no light of 
her own, b thus darkened, and we say she is eclipsed. The * 
shadow of the moon also reaches to a ^eat distance from her. 
We know that it reaches at least 2-^,000 miles, because it 
sometimes reaches the earth. An eclipse of the sun is occa- 
sioned whenever tlie earth falls into the shadow of the moon. 
Hence in eclipses, whether of the sun or moon, the two plan- 
ets and the sun must be nearly in a straight line with respect 
to each other. In eclipses of the moon, the earth is between 
the sun and moon, and in eclipses of the sun, the moon is be- 
tween the earth and sun. 

If the moon went around the sun in the same, plane with 
the earth, that is, were the moon's orbit on the plane of the 

What is supposed conoeminff the lakes and seas of the moon 1 On 
«f hat grounds is it supposed thiu there is no water at the moon ? What 
b a shadow 1 When do we say it is sun-set, and when do we say it is 
son-rise 1 What occasiona an ecKpse of the mooni What causes 
eclipses of the sunl In eclipses of thd moon, what planet is between 
the sun and moon t In edipses of the sun, what planet is between the 
sun and earth 1 Why is there not an eclipse of me sun at eveiy oon- 
junction of the sun and moon ? 
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ecfiptie» there would happen an eclipse of the hwa. at erery 
conjunction of the sun ana moon* or at the time of erery new 
moon. But at these conjunctions^ the moon does not come 
exactly between the earth and sun, because the orbit of the 
moon b inclined to the ecliptic at an ande of 5k degrees. Did 
the ^nes of the orbits of the earth and moon coincide, there 
woiud be an eclipse of the moon at every full, for. then the 
moon would pass exactly through the earth's shadow. 

One half of the moon's orbit being elevated 5i degrees 
above the ecliptic, the other half is depressed as much below 
it, and thus the moon's orbit crosses tnat of the earth in two 
opposite points; called tlie moon's nodes. 

As the nodes of the moon are the points where she crosses 
the ecliptic, she must be half the time above, and the other halt 
below these points. The node in which she crosses the plane 
of the ecliptic upward, or towards the north, is called her a^C67i(Z- 
fng- node. That in which she crosses the same plane down- 
ward, or toward the south, is called her descending node. 

The moon's orbit, like those of the other planets, is ellipti 
cal, so that she is sometimes nearer the eartn than at others 
When she is in. that part of her orbit, at the greatest distance 
from tlie earth, she is said to be in her apogee, and when at 
her least distance from the earth, she is in her perigee. 

Eclipses can only happen at the time when the moon- is at, 
or near, one of her nodes, for at no other time is she hear the 
plane of the earth's orbit; and since the earth is always in 
this plane, the moon must be at, or near it also, in order to 
bring the two planets and the siin in the same right line, with- 
out which no eclipse can happen. 

The reason wny eclipses do not happen oftener, and at 
re/grular periods, is because a node of the moon is usually only 
twice, and never more than three times in the year, presented 
towards the sun. The average number of total eclipses ot 
botli luminaries, in a century, is about thirty, and the average 
number of total and partial, in a year, about four. There 
may be seven eclipses in a year, including those of both hi- 

How many decrees is the moon's orbit inclined to that of the earth? 
What are the n(3es of the moon ? What is meant by die ascending 
and descending nodes of the moon 1 What is the moon's apogee, ana 
what her perigee 1 Why must the moon be at, or near, one of ner nodes, 
to occasion an eclipse 1 Why do not eclipses hinpen of]ten, and at rc>g- 
ular periods ? What is the greatest, and what the K«ist nmnber of ec]ipo<w» 
tliat can happen in a year ? 
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minanes, and there may be onjy two. When there are only 
two, they are both of the fiun^ 

. When the moon is within 16i degrees of her node, at the 
time of her change, she is so near the ecliptic, that the sun 
may be more or less eclipsed, and when she is within 12 de-' 
grees of her node, at the time of her full, the moon will be 
more or less eclipsed. 

But the moon is more frequently within 16ik degrees of her 
node at the time of her change, than she is within 12 degrees 
at the time of her full, and consequently there will be a great- . 
er number of solar, than of lunar eclipses, in a course of 
years. Yet more lunar eclipses will be visible, at any one 
place on the earth, than solar, because the sun, being so much 
larger than the earth, or moon, the shadow of these bodies 
must terminate in a point, and this point of the moon^s sha- 
dow never covers but a small portion of the earth's surface, 
while lunar eclipses are visible over a whole hemisphere, 
and as the earth turns on its axis, are therefore visible to more 
than half the earth. This will be obvious by fi^s. 206 and 
207, where it will be observed that an eclipse of the moon 
may be seen wherever the moon is visible, while an eclipse 
of the sun will be total . only to those who live within the 
space covered by the moon's dark shadow. 

lAinar EcUpses.-r-'When the moon falls into tjie shadow of 
the earth, the rays of the sun are intercepted, or hid from her, 
and she tlien becomes eqlipsed. When the earth's shadow 
covers only a part of her face, as seen by us, she suffers only a 
partial eclipse, one part of her disc being obscured, while the 
other part reflects the sun's light. But when her whole sur- 
face is obscured by the earth's shadow^ she then suffers a total 
eclipse, and of a duration proportionate to the distance "she 
passes through the earth's shadow. 

Fig. 206 represents a total lunar eclipse ; the moon being 
in the midst of the earth's shadow. Now it will be apparent, 
that in the situation of the sun, earth, and moon, as represent- 
ed in the figure, this eclipse will be visible from all parts of 



Why will there be more solar tlian lunar eclipses, in the coarse of yeani * 
Why wiH more lunar than solar edipscs be visible at any one place J 
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tiMthflmiiqiiiereof Iheewtfiiii^idi k next the laooi^ and Ait 
tfie moon's diK wiU be equally obacnred, from whalerer point 




it ifl seen. When the moon passes through only a part of the 
earth's shadow, then she suffers only a paraal eclipse, but 4tf 
is also rimUe from the whole hemisphere next the moon. It 
will be remenibered that lunar eclipses happen only at full 
roooD, the sun and moon being in opposition, and the earth her 
tween them. 

Solar Eclipses, — When the moon passes between the earth 
Slid sun, there happens an eclipse of the sun, because Uien the 
moon's shadow faUs upon the earth. A total eclipse of the 
son happens often, but when it occurs, the total obscurity 
is confined to a small part of the earth : since the dark por- 
tion of the moon's shadow never exceeds 200 miles in diam- 
eter on the earth. But the moon's partial shadow* ^^ P^' 
n umbra ^ may cover a space on the earth of more than 4000 
miles in diameter, within all which space the sun will be more 
or less eclipsed. When the penumbra first touches the earth, 
the cclijpse begins at that place, and ends when the penumbra 
leaves it But the eclipse will be total only where the dark 
shadow of the moon touches the earth. 



Fig. 907. 
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Why is the mam eclipse total at one jplaee, and only paitial tJL aaotliarl 
Why u a total ecfipae of the son confined to so small a part of the eurth 1 
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^ 907 repreiei^ an eclipse of the flnm, withoQl regifd to 
Ae penumbra, that it may oe obeenred hov small a put ot 
die earth the dark shadow of the moon covers. To those 
irho live within the limits of this shadow, the eclipse will be 
iota], while to those who live in any direction around it, and 
within reach of the penumbra, it wiu be only partial. 

Solar eclipses are called anni/iar, from annulusy a ring, 
when the moon passes across the centre of the sun, hiding lul 
his lif^t, with the exception of a ring on his outer edge, umich 
the moon is too small to cover from the position in which it 
is seen. I^. goe. 




Fig. 206 represents a solar eclipse, with the penumbra D, 
C and the umora, or dark shadow, as seen in the above figure. 

When the moon is at its greatest distance from the earth, 
its shadow m o, sometimes terminates,' before it reaches ^e 
earth, and then an observer standing directly under the point 
o, vrill see the outer edge of the sun, forming a bright ring 
around the circumference of the moon, thus forming an annv- 
lar eclipse. 

The penumbra D C, is only a partial interception of tlie 
sun's rays, and in annular eclipses it is this partial shadow on- 
ly whicn reaches the earth, wnile the umbra, or dark shadow, 
terminates in the air. Hence annular eclipses are never to- 
tal in any part of the earth. The penumbra, as already stated, 
may cover more than 4000 miles of space, while the umbra 
never covers more than 200 miles in diameter ; hence partial 
eclipses of the sun may be seen by a vast number of inhabi- 
tants, while comparatively iQW will witness the total eclipse. 

When there happens a total solar eclipse to us, we are eclips- 
ed to the moon, and when the moon is eclipsed to us, an eclipse 
of the sun happens to the moon. To die moon, an eclipse 

What is meant by penumbra ? What will be the difference in the aspect 
of the eclipse, whether the observer stands witliin the dark shadow, or onl^ 
inthki the penumbra 1 What is meant by annular ^clipws 1 Are annular 
eefipses ever total in any part of Ae earth % In Annular ecGpses, wimt part 
9f tnc moon's shadow reaches the earth 1 

23 
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of the earth can never be totals since her shadow covers only 
a small portion of the earth's surface. Such an eclipse, there- 
fore, at the moon, appears only as a dark spot on the face of 
the earth ; but when me moon is eclipsed to us, the sun is par- 
tially ecfipsed to the moon for several hours longer than the 
moon 18 eclipsed to us. 

The Tides. 

The ebbing and flowing of the sea, which regularly takes 
place twice in U hours, are called the tides. The cause o) 
the tides, is the attraction of the sun and moon, but chiefly ol 
the moon, on the waters of the ocean. In virtue of the universal 
principle of gravitation, heretofore explained, the moon, by 
iier aitractioQ, draws, or raises the water towards her, but be- 
cause the power of attraction diminishes as the squares of the 
distances mcrease, the waters, oii the opposite side of the 
earth, are not so much attracted as they are on the side nearest 
the moon. This want of attraction, together with the greatci 
centrifugal force of the earth on its opposite side, produced in 
consequence of its greater distance from the common centre 
of gravity, between the earth and moon, causes the waters to 
rise (m t&e opposite side, at the same time that they are raised 
by direct attraction on the side nearest the moon. 

Thus the waters are constantly elevated on the sides of the 
earth opposite to each other above their common level, aud 
consequently depressed at opposite points equally distant from 
these elevations. 

liet m, fig. 209, be tlie moon, and £ the earth covered with 

Fig.aOO. 





water. As the Eioon passes round the earth, its solid and fluid 
parts are equally attracted bv her influence according to their 
densities ; but while the solid parts are at tiberty to move only 
as a whole, the water obeys the slightest impulse, and thus 
tends towards the moon where her attraction is the strongest 

What is nid oomseming edmaw of the earth, as seen firom the moon '^. 
What an the tides 1 What is the caiMe of the tiikel What cauace th» 
tide to rise on the aide of the earth opposite to the moon ? 
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Consequently the waters are perpetually elevated immediately 
under the moon. If therefore tne earth stood still, the influ- 
ence of the moon's attraction would raise the tides only as she 
passed round tlie earth. But as the earth turns on her axis 
every 24 liours, and as the waters nearest the moon, as at a^ 
are constantly elevated, tliey will, in the course of 24 hours, 
move round the whole earth, and consequently from this cause 
there will bjc high water at every pkice once in 24 hours. A» 
the elevation of the waters under the moon causes their de- 
pression at 90 degrees distance on the opposite sides of the 
earth d and c, the point c will come to the same place, by the 
earth's diurnal revolution, six hours after the point a, because 
c is one quarter the circumference of the earth from the point 
a, and therefore there will be low water at any given place 
six hours after it was high water at that place, fiut while it is 
high water i.nder the moon, in consequence of her direct at- 
traction, it is also high, water on the opposite side of the earth 
in consequence of her diminished attraction, and the earth's 
centrifugal motion, and therefore it will be high water from 
this cause twelve hours after it was high water from the former 
0110*^8, and six liours after it was low water from both causes. 
Thus, when it is high water at a and 6, it is low water at c 
and d, and as the earth revolves once in 24 hours, there will 
be an alternate ebbing and flowing of the tide, at every place, 
onc*^ in six hours. 

But while the earth turns on her axis, the moon advances in 
her orbit, and consequently any given i)oint on the earth will 
not come under the moon on one day so soon as it did on the 
day before. For this reason, high or low water at any*place 
comes about fifty minutes later on one day than it did the dav 
before. 

Thus (iir we have considered no other attractive influence 
except that cf the moon, as aflfecting the waters of the ocean. 
But the sun, as already observed, has an effect upon the tides, 
though on account of his great distance, his influence is small 
when compared with that of the moon. 

W!>en the sun and moon are in conjunction, as represented 

in fig. 209, which takes place at her change, or when they are 

_ * . 

If the earth stood fitUl, the tides would rise onty as the moon passes sound 
the earth ; what, then, cauiics the tides to rise twice in 34 hours '? When it 
'is high water under the moon hy her attraction, what is the cause of hiffh 
water on the oppofdte side of the earth, at the same time 1 Why axe £d 
tiile$ a1x>ut 50 mmutea later <»vcry dav ? 
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in oppoflition, wMch takes place at full moon, theu their forces 
•re united, or at l on the waters in the same direction, and con- 
sequently the t'. ies are elevated higher than usual, and on this 
account are ca^ ed spring tides. 

But when tl e moon is in her quadratures, or quarters, the 
attraction of tKe sun tends to counteract that of the moon, and 
althou^ his aitraction does not derate (he waters and pro- 
duce tides, hi - influence diminishes that of the moon, and coii- 
feqoently the elevation of the waters ai e less when (he sun 
and moon are so situated in respect to each other, tlian when 
diey are in conjunction, or opposition. 

Fig. 210. 





Tills effect is represented by fig. 210, where the elevation 
of the tides at c and d is produced by the causes already ex- 
plained ; but their elevation is not so great as in fig. 206, since 
the influence of the sun acting in the direction a by tends to 
counteract the moon's attractive influence. These small tides 
are called neap tidesj and happen only when the moon is in 
her quadratures. 

The tides are not at their ffreatest heights at the time when 
the moon is at its meridian, but sometime afterwards, because 
the water, having a motion forward, continues to advance by 
its own inertia, sometime after the direct influence of the moon 
has ceased to afifect it. 

Latitude and Longitude. 

LiUitude is the distance from the equator in a direct fine, 
north or south, measured in decrees and minutes. The num- 
ber of degrees is 90 north, and as many south, each line on 
iriiich these den'ees are reckoned running from the equator 
to the ploles. rlaces at the north of the equator are in north 
Imiiiude^ and thom south of the equator are in south latitude. 
The parallels of latitude are imay nary lines drawn parallel to 

W]tait|iMdsoaispii]Mr|MiMt WbeniiMiitthDiiMMnbeinvBipecttotliB 
■■jW to ymies qpriiy^iwl Whi« b fte aecMM of naip tidbs ? What 
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the equator, either north or south, and hence every place 
situated on the same parallel, is in the same latitude, be- 
cause every such place must be at the same distance' from 
the equator. The length of a degree of latitude is &0 geo- 
graphical miles. 

Longitude is the distance measured in degrees and minttte» 
either east or west, from any given point, on the equator, or 
on (jny parallel of latitude. Hence the lines, or meridians of 
longitude cross those of latitude at right angles. The degrees 
of longitude are 180 in number,^ its lines extending half a 
circle to the east, and half a circle to the west, from any given 
meridian, so as to include the whole circumference oi the 
earth. A degree of longitude, at the equator, is of the same 
length as a degree of latitude, but as the poles are approached, 
the degrees of longitude diminish in length, because the 
earth grows smaller an circumference, from the equator to- 
wards the poles; hence the lines surrounding' it become less 
and less. Th^^ ^^^^ ^® made obvious by fig. 211. 

Let this figure represent the 
earth, N being the north polcj 
iS the south pole, and E W the 
equator. The lines 10, 20, 30, 
and so on, are the parallels of 
latitude, and the lines N a S N, 
h Si &^c, are meridian lines, or 
W those of longitude. 

The latitude of any place on 
the globe, is the number of de- 
grees between that place and the 
equator, measured on a meridian 
line; thus x is iii latitude 40 
degrees, because the x g part of 
the meridian contains 40 degrees. 

The longitude of a place is the number of degrees it is situ^ 
ated east or west from any meridian line ; thus v is 20 dej^rees 
west longitude from x, and ar U 20 degreesi east longitude 
from f. 

As the equator divides the earth into two equal parts, or 
liemispheres, there seems to be a natural reason why the de- 

How mai^ degrees of latitude ai« there? How fiur do the linei of latitude 
extend ? What is meant by north and 00x1th latitude? What ate tiie papl- 
Icb df latitude '2 What is bnj[itade7 How many degrees of longitluk ai« 
there, east or west 1 What 10 the latitude of asy plaoel Whul it the kmgi> 
tude of A jJaoe % 
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frees of latitude should be reckoned from this great circle. 
But from east to west there is no natural division of the eartib, 
each meridian line being a great circle, dividing the eartlf 
Into two hemispheres, and hence there is no natural reason 
vrhy longitude should be reckoned from one meridian any 
more than another. It has, therefore, been customary for 
writers and mariners to reckon longitude from the capita] ot 
their own country, as the English £om London, the French 
from Paris, and the Americans from Washington. Bet this 
mode, it is apparent, must occasion much confusion, since each 
writer of a different nation would be obliged to correct the 
longitude of all other countries, to make it agree with his own. 
More recently, therefore, the writers of Europe and America 
hare selected the royal observator}-, at Greenwich, near Lon- 
don, as the first meridian, and on most maps and charts lately 
published, longitude is reckoned from that place. 

The latitude of any place is deteimined by tnking the alti- 
tude of the sun at mid-day, and then subtracting this from 00 
degrees, making proper allowances for tlie suirs place in the 
heavens. The reason of this will be understood, when it is 
considered that the whole number of degrees from the Zenith 
to the horizon is 90, and therefore, if we ascertain the sun's dis- 
tance from the horizon, that is, his altitude, by allowing for 
the sun's declination north or south of the equator, and sub- 
tracting this from the whole number, the latitude of the place 
will be found. Thus, suppose that on the ^th of March, when 
the Sim is at the equator, his altitude from any place north of 
the equator should be found to be 48 degrees above the hori- 
zon ; this, subtracted from 90, the whole number of the de- 
grees of latitude, leaves 42, which will be the latitude of the 
pace where the observation was made. 

If the sun, at the time of observation, has a declination, 
north or south of the equator, this declination must be added 
to, or subtracted from, the meridian altitude, as the case may 
be. For instance, another observation being taken at the 

glace where the latitude was found to be 42, when the sun 
ad a declination of 8 degrees north, then his altitude wouki 
be 8 degrees greater than before, and therefore 56, instead of 

Why aie die degrees of latitude reokmied ftum the equatorl What is 
^-" e B W BB r iiiM g Ae plaeta fiem whicii the degveea of Imgitade have beea 
iBfldf WlMftwliiBn80«vene»»ofcflyUii« iongHuile fimm a fJaee 
■Bk fw ii iy I 9mm irtwl ^km m fcwgfarip gecfcowd In Ewnpa aimI 
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48. Now, subtracting this 8, the sun's declination, from 5^ 
and the remainder from 90, and the latitude of the place will 
be found 42, as before. If the sun's declination be south of 
the equator, and the latitude of the place north, his declina- 
tion must be added to the meridian altitude, instead of being 
subtracted from it. The same result may be obtained by 
taking the meridian altitude of any of the fixed stars, whose 
declinations are known, instead of the sun's, and proceeding 
as above directed. 

There is more difficulty in ascertaining the degrees of lon- 
gitude, than those of latitude, because, as above stated, there 
13 no fixed point, like that of the equator, from which its degprees 
are reckoned. The degrees of longitude are therefore estimated 
from Greenwich, and are ascertained by the following methods: 

When the sun comes to the meridian of any place, it is 
noon, or 12 o'clock, at that place, and therefore, gincc the 
equator is divided into 360 equal parts, or degrees, and since 
the earth turns on its axis once in 24 hours, 15 de^eesu of the 
equator will correspond with one hour of time, lor 360 de- 
crees being divided by 24 hours, will give 15. The earth, there- 
fore^ moves in her daily revolution, at the rate of 15 degrees 
for every hour of time. Now, as the apparent course of the 
sun is from east to west, it is obvious that he will come to any 
meridian lying east of a given place, sooner than to one lying 
west of that place, and therefore it will be 12 o'clock to the 
east of any place, sooner than at that place, or to the west of 
it. When, therefore, it is noon at any one place, it will be 1 
o'clock at all places 15 degrees to the east of it, because the 
sun was at the meridian of such places an hour before ; and so, 
on the contrary, it will be 11 o'clock, 15 degrees west of the 
bame place, because the sun has still an hour to travel, before 
he reaches the meridian of that place. It makes no difier- 
ence, then, where the observer is placed, since if it is 12 
o'clock where he is, it will be I o'clock 15 degees to the east 
of him, and 11 o'clock 15 degrees to the west of him,' and sn 

How is the latitude of a place determined 1 Give an example of the method 
of finding the latitude of the same place at different seasons of the year. 
When must the sun's declination from the cc^uator be added to, and when 
«ubtraictcd from, lu9 meridian altitude 1 Wh^ is there more difficulty in ai^ 
serteining the degrees of longitude than of latitude 1 How many di^ppces of 
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JM jhkS' svorofftfton. let die time be more or less. Now, if any 
rrir5'2^ phoiomeaoQ shoold luLppeii, such as an eclipse of 
tbe cMx-^a. 0€ of Jupaer's satellites, the diflerence of longitude 
tctveen two places wheie it is observed, may be determined 
br the difiefcnre of the times at trhich it appeared to take 
place. TIms. if the moon enters the earth's shadow at 6 
oVlock ia t!kf erccinf, as seen at Pliiladelphia, and at half 
l^<t 6 oVlooi at another place, then this place is half an hour, 
«.r 7t t^rsreess, to the east cf Philadelphia, because 7| degrees 
«. ( lonfilude are equal to l^alf an bow of time. To apply these 
w w^sert atioDs practioiiy, it is only necessary that it should be 
knovn exactly at u ^.at a*nc the eclipse takes place at a given 
|-^*.:it on tho earth. 

L«.>n^cu-!e is also asrertsincd by means of a clironometer, 
c r uvje luae pct^cc, adjusfrd to any «riven meriflian ; for if the 
il.!it rence between tno clocks situatctl east and west of each 
o;:.cr. an J ^>>in^ exactly at the same rate, can be known, at 
:he same tinie, then the dbtance between llie two meridians 
nhere the ol cks are placed will be known, and the difference 
t i" u^.^»n>Io may be found. 

S*jpp*kse two chronometers, which are known to go at ex 
acily the «^ime rate, are made to indicate 12 o'clock by the 
r.erldbn hnc of Greenwich, aad the one be taken to sea, while 
t: e other rv uia'm^ at Greenwich. Then siippose the captaiD« 
who fcikes his chronometer to sea, has occasion to know his 
L»r.£:iuxie. In the ilrst pkice, he ascertains, by an observation 
ot the sun. when it 13 1:3 o'clock at the place where he is, and 
then by his time piece, when it is 12 o'clock at Greenwich, 
and bv allowing 15 dojjrees ft>r ever>- hour of the difference in 
time, he will kjiow his precise longitude in any part of the 
woik!. For cxaaiple, suppose tlie captain sails with his chro- 
uo'ueter far America, and after l>eiiig several weeks at sea, 
tlnils by observation, that it is 12 o'clock by the sun, and at 
the same time fiml^ by hi;} chronometer, that it is 4 o'clock ai 
Ureentiich* Then because it is noon at his place of obser- 
\*udon after it is noon at Greenwich, he knows that his longi- 
tude is west from Greenwich, anti by allowing 15 degrees for 
every hour of the diflTercnce, his longitude is ascertained. 

»— — — ■■ ■ — — ■— » ■^■— ■- — ■ .■,■ . ■■■—■■■■■ .^ ■ - — ■ — - 

Kxptain ^ Drindplrs ODsvrhich longitude is determined by the chionome- 
Irr.^ Sii;>pci8e the coiitun finus by hie aironomftcx that it is 12 o'dock, where 
lie k, 6 hoax* later toan at Greenwich, what then would be his kmeitude ? 
Suppose he finds k to be 1*2 o'clock 4 hours earlier whe» he is, toaa at 
n^PMiwich, what then wculJ be h» tongitude ? 
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Thus, 1$ decrees, multiplied by 4^hour8, give 60 degrees of 
west longitude from Greenwich. If it is noon at the place of 
observation, before it is noon at Greenwich, then the captain 
knows that his longitude is east, and his true place is found 
in the same manner. 

Fixed Stars. 

The stars are called ^c(/, because they hAvcbeen observed 
not to chanre their places with respect to each other. They 
may be distmguished by tlie naked eye from the planets of 
our system by their scintillations, or twinkling. The stars 
are divided into classes, according to their magnitudes, and 
ire called stars of the first, second, and so on to the sixth 
magnitude. About 2000 stars may be seen with th6 naked 
eye in the whole vault of the heavens, though only about 1000 
are above the horizon at the same time. Of these, about 17 
are of the first magnitude, 50 of the 2d magnitude, and 150 of 
the 3d magnitude. The others are of the 4th, 5th, and 0th 
magnitudes, the last of which are the smallest that can be dis- 
tin|[uished with the naked eye. 

ft might seem incredible, that on a clear night only about 
1000 stars are visible, when on a single glance at the different 
parts of the firmament, their numbers appear innumerable. 
But this deception arises from the confused and hasty maimer 
in which they are viewed, for if we look steadily on a particu- 
lar portion of sky, and count the stars contained within cer- 
tain limits, we shall be surprised to find their number so few. 

As we have incomparably more light from the moon, than 
firora all the stars together, it is absurd to suppose that they 
were made for no omer purpose than to cast so faint a glim*> 
mering on our earth, and especially as a great proportion of 
them are invisible to our naked eyes. The nearest fixed stars 
to our system, from the most accurate astronomical calcula- 
tions, cannot be nearer than 20,000,000,000,000, or 20 tril- 
lions of miles from the earth, a distance so immense, that light 
cannot pass through it in less than three years. Hence were 
these stars annihilated at the present time, their light would 

Why are thestan called fixedl How may the stan be distinguished firom 
^ planets ^ The stan are divided into clasfses, acx»rding to their magni- 
^^^ ; how many daascs are there 1 How many stare may be teen with 
^ naked m, in the whde finnamenti Why does there appear to he xaam 
^^ than ttiete rariiy are t What is the comnated distanoe of the v-eafesC 
«ed fl«an fiom the earth 1 
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oonUiiue to flow towards us, and they would appear to be in 
the same Mtuation to us, three years hence that they do now. 

Our sun, seen from the distance of the nearest nxed stars, 
would appear no larger than a star of the first magnitude does- 
to us. These stars appear no Jarger to us, when the earth is 
in that part of her ori>it nearest to them, than they do, when 
slic is in the opposite part of her orbit ; ^and as our distance 
from the sun is' 96,000,000, of miles, we must be twice this 
distance, or the whole diameter of the earth's orbit, nearer a 
^iven fixed star at one period of the year, than at another 
The diiference, therefore, of 190,000,000 of miles, bears so 
small a proportion to the whole distance between us and the 
i'lxod stars, as to make no appreciable difference in their sizes, 
even when assisted by the most powerful telescopes. 

Tlie amazing distances of the fixed stars may also be infer- 
red from the return of comets to our system, after an absence 
of several hundred years. 

The velocity with which some of these bodies move, when 
nearest the sun, has been computed at nearly a million of 
miles in an hour, and although their velocities must be per- 
petually retarded, as they recede from the sun, still in 250 
years of time, they must move through a space, which to us 
would be infinite. The periodical return of one comet 
is kno^ni to be upwards of 600 years, making more than 
860 years in performing its journey to the most remote part 
of its orbit, and as many in returning back to otur system ; 
and that it roust still always be nearer our system thaii the 
fixed stars, is proved by its return ; for by the Jaws of gravi- 
tation, did it approach nearer another system it would never 
again return to ours. 

From such proofs of the vast distances of the fixed stars, 
there can be no doubt that they shine with their own hght, 
like our sun, and hence the conclusion that they are siuis to 
other worlds, which move around them, as the planets do 
around our sun. Their distances will, however, jmvent our 
ever kno^ving, except by eoi^ecture, whether this is the case 
or not, since, were they millions of times nearer us than Uiey 

How long wotrid it take light to leach us from the fixed stars ? How laigc 
would oor 8un appear at the diatance of tlie fixed stars 1 What is said oen- 
c^nung the di0erencc of the distance between the earth and the fixed stars 
at dUTefent seasons of the year, and of their different appearances in oonse- 
qoence ? How may the difitanoes of the fixed stars be mferred by the bng 
fttiaeiice and letum of comets ? On what grounds is it supposed that th« 
fixed stars an* suns to other worlds 1 
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«re,we^kould not be able to discover the reflected light of their 
plaaetis. 

Comets. 

Besides the planets, which move round the sun in regular 
order and in nearly circular orbits, there belongs to the solar 
system an unknown number of bodies called Comets, which 
move round the sun in orbits exceedingly eccentric, or ellipti- 
cal, and whose appearance among our heavenly bodies is on- 
ly occasional. Comets, to the naked eye, have no visible disc, 
but shine with a faint glimmering light, and are accompanied 
by a train or tail, turned from the sun, and which is sometimes 
of immense length. They appear in every region of the 
heavens, and move in every possible direction. 

In the days of ignorance and superstition, comets were <!l)n- 
sidered the harbingers of war, pestilence, or some other great 
or general evil ; and it was not until astronomy had made con- 
siderable progress as a science, that these strangers couJki be 
seen among our planets without the expectation of some dire- 
ful event. 

It had been supposed that comets moved in straight ' lines, 
coming from the regions of infinite, or unknown space, and 
merely passing by our system, on their way to regions equally 
tuiknown and infinite, find from which they never returned. 
Sir Isaac Newton was the first to demonstrate that comets pass 
round the sun, like the planets, but that their orbits are ex- 
ceetlingly elliptical, and ext'^nd out to a vast distance beyond 
the solar svstem. 

The number of comets is unknown, though some astrono- 
mers suppose that tliere are nearly 500 belonging to our sys- 
tem. Ferguson, who wrote in about 1760, supposed that there 
were less than 30 comets which made us occasional visits ; 
but since that period the elements of the orbits of nearly 100 
of tliese bodies have been conr{)uted. 

Of these, however, there are. only three whose periods of re- 
turn among us are known with any degree of certainty. The 
first of these has a period of 75 years; the second a period of 
. IU9 years ; and the thin! a period of 575 years. The ^hird 
appeared in 1680 : and therefore cannot be expected again 



What miniher of conifts aTe«npp(iqi?d to lielong to our systeiii 1 How many 
tiavc had the elcnacnts of their orbits wtimated by ostronoiacnk? How loanv 
are there whose [.>criods of return arc known 7 
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uuy the ywr SS96. lUa comatt in lOSCt, excited the nxwt 
inlnwe interest among the utronomen of Enrope, on eceewil 

Fig. ai3. ^ofit«g7e«tBM«rent size »i>d 

■ neer approach to our ByBteot. 
Iln the most remote part of iti 
I orbit, its distance from the 
waa eBtimated at about 
en thousand two huildred 
IniiUionsof mijes. Atitsnear' 
9 est approach to thesnn, which 
S was only aboul 50,000 miles, 
ita velocity, according to Sir Isaac Newton, was 880,000 miles 
in an hour; and siippoBing it to have retained tbe sun's heat, 
like other solid bodies, its Ipmperature must have been about 
aOOO times that of red hot iron. The tail of this comet was at 
least 100 millions of miles long. 

In the Edinbursh Encyclopedia, article Astronomy, there 
is the most complete table of comets yet published. This 
table contains the elements of 07 comets, calculated by difier- 
ent astronomers, down to the year 180S. 

From this table it appears that 24 comets have passed be- 
tween the sun and the orbit of Mercury; 33 between the or- 
btta of Venus and the Earth; 15 between the orbits of the 
Earth and Mars ; 3 between the orbits of Mars and Ceres; 
and i between the orbits of Ceres and Jupiter. It also ap- 
pears by this table that 49 comets have moved round the sun 
from west to east,- and 4S from east to west 

Of the nature of these wandering planets very little is known. 
When examined by a telescope, they aji^ear like a mass ol 
vapours surrounding a dark nucleus. When the comet is 
at its perihelion, or nearest the sun, its color seems to be 
beiehtened by the intense light or heat of that luminary, and 
it then often shines with more brilliancy than the planets. At 
tills time the tml or train, which is always directly opposite to 
4lic sun, appears at its greatest length, but is commonly so 
transparent as to permit the fixed stars to be Sif ?n through it 
A variety of opinions have been advanced by asL, jnomera con- 
. ceniiiig the nature and cause of these trains. Newton sup- 

Ciised that they were thin vapour, made to ascend by the sun s 
eat, as the smoke of a fire ascends from the earth ; while 
Kepler maintained that it was the atmosphere of the comet 
driven behind it by the impulse of the aun's rays. Others 
W)ul k uid of Ihe comM tt 1680 1 
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mippcMe that thk Appearance arises from streams of electric 
matter passing away from the comet, d&c 



ELECTRICITY- 

The science of Electricity^ which now ranks as an impor- 
tant branch of Natural Philosophy, is whoUv of modem we. 
The ancients were acquainted with a few detached facts de- 
pendent on the agency of electrical influence, but they never 
uiagined that it was extensively concerned in the operations 
of nature, or that it pervaded material substances generally. 
The term electricity is derived from electron^ the Greek name 
of amber, because it was known to the ancients, that when 
that substance was nibbed or excited, it attracted* or repelled 
small light bodies, and it was then unknown that other sub- 
stances when excited would do the same. 

When a piece of glass, sealing wax, or amber, is rubbed 
with a dry nand, and held towards small and lidit bodies, 
such as threads, hairs, feathers, or straws, these bodies will fly 
towards the sur&ce ^us rubbed, and adhere to it for a short 
time. The influence by which these small substances are drawn, 
is called electrical attraction^ the surflice having this attractive 
power is said to be excited \ and the substances susceptible 
of this excitation, are called electrics. Substances, not having 
this attractive power when rubbed, are called nou'^lectrics. 

The principal electrics are amber, rosin, sulphur, glass, the 
precious stones, sealing wax, and the fur of quadrup^s. But 
the metals, and many other bodies, may be excited when insu- 
lated and treated in a certain manner* 

After the light substances, which had been attracted by the 
excited surface, have remained in contact with it a short time, 
' the force which brought them together ceases to act, or acts 
in a contrary direction, and the hght bodies are repelled^ or 
thrown awav from the excited sur&ce. Two homes, idsO, 
which have been in contact with the excited surface, mutuid- 
ly repel each other. 

Various modes have been devised for exhibiting distinctly the 
attractive and repulsive agencies of electricity, and for obtain- 
ing indications of its presence, when it exists only in a feeble de- 
' gree. Instruments tor this purpose are termed Electrosco pes* 

From what k the term flfectricity derivedl What is electrical attnu>- 
lion 7 MThat are efeeCriesI What are non-electrics 1 What are the princi- 
pal eleotrics I What is meant hj electrical lepokionl What is an decteo- 
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One of the simpkst instnimeiits of this kind eonsbts of a 
Fig. 913. metallic needle, terminated at 

ea^ end by a light pith ball, 
which is covered with gold leaf, 
and supported horizontally at 
its centre by a &ie point, fig. 
213. When a stick of sealing 
wax, or a glass tube, is excited, 
and then presented to one of 
these balls, the motion of the 
needle on its pivot will indicate 
the electrical influence. 
If an excited substance l)e brought near a ball made of pith. 
Fig. 214. or cork, suspended by a silk 

thread, the ball will, in the first 
place, approach the electric as at 
a, ^. 214, indicating an attrac- 
tion towards it, and if the posi- 
tion of the electric will allow, 
the ball will come into -contact 
with the electric, and adhere to 
_ it for a short time, and will then 

recede from it, showing that it is repelled as at b. If now the 
ball which had touched the electric, be brought near another 
ball, which has had no communication with an excited sub- 
stance, these two balls will attract each other, and come into 
contact ; after which they will repel each other, as in the for- 
mer case. 

It appears, therefore, that the excited bod^, as the stick of. 
sealing wax, imparts a portion of its electncity to the ball, 
and that when me ball is also electrified, a mutual repulsion 
then takes place between them. Afterwards, the ball, being 
electrified by contact with the electric, when brought near 
another ball not electrified, transfers a part of its electrical 
influence to that, after which these two balls repel each other 
as in the former instance. 

Thus, when one substance has a greater or less quantity of 
electricity than another, it will attract the other substance, 
and when they are in contact, will impart to it a portion of this 
«iuperabundance ; but when they are both equally electrified, 
^**ih having more or less than their natural quantity of elec- 
itftfii^r, they will repel each other. 

»■ < !■■'' ■ I II 1 1 I ■ I III— 1^ 

Wlien do two electrified bodies attxaot, and when do they repel each (itfaerl 
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To account for these phenomena, two theories hare been 
idvanced, one by Dr. Franklin, who sttpposes there is only 
one electrical fliud, and the other hy Du Fay, who supposes 
there are two distinct fluids. 

Dr. Franklin supposed that all terrestrial substances were 
pervaded with the electrical fluid, and that by exciting an elec- 
tric, the equilibrium of this fluid was destroyed, so that one 
part of the excited body, contained mor^dian its natural quan- 
tity of electricity, and the other part less. If in this state a 
conductor of electricity, as a piece of metal, be brought near 
the excited part, the accumulated electricity would be impart- 
ed to it, and then this conductor would receive more than its 
natural quantity of the electric fluid. This he e&lled poetHte 
electricity. But if a conductor be connected with that part 
which has less than its ordinary share of the fluid, then the 
conductor parts with a share of its own, and therefore will then 
contain less than its natural quantity. This he called negative 
electricity. When one body positively^ and another negative* 
Iv electnfled, are connected by a conducting substance, the 
fluid rushes from the posidve to the negative body, and the 
equilibrium is restored. Thus bodies which are said, to be 
positively electrified contain more tiban their natural quantity 
of electricity, while those which are negatively electrified 
contain less than their natural quantity. 

The other theory is explained thus. When a piece of glass 
is excited and made to touch a pith ball, as above stated, then 
thart ball will attract another ball, after which they will mutu- 
ally repel each other, and the same will happen if a piece of 
sealing wax be used instead of the glass. But if a piece of 
excited glass, and another of wax, be made to touch two sepa- 
rate balls, they will attract each other; that is, the ball which 
received its electricity from the wax will attract that which re^ 
eeived its electricity from the glass, and will be attracted by it. 
Hence Du Fay concludes that electricity consists of two dis- 
tinct fluids, which exist together in all bodies — that they have 
a mutual attraction for eacn other — ^that they are separated by 

Ebw 'win two boclies act, one haring more, and the odier leas than the 
natural 'quantity of electridtj, when brought near each oth^ 1 How 'wjll 
they act when both have more or less than i\iai natural quand^ 1 ETp lain 
Dr. Franklin's theory of electricity. What is meant by pOBitivej and what 
by negative electricity ? What k the coniequence, when a maidve and a 
n^nttive body are connected by a conductor 1 Exdain Da Pay's theozt* 
Wnen two balls are electrified, one with gkuM, and the other wkh wax, wul 
they attract or repel each other 1 



980 BLEcraiciTT. 

the exdlaftioii of eleetries» and that when thus separated, and 
tnnflferred to non-electrics, as to the pith balls, meir mntnal 
attraetion cames the balls to rush towards each other. These 
two principles he called vitreous and resinous electricity^ The 
litreous hemf^ obtained from glass, and the resinons firom wax, 
and otiber resinons substances. 

Dr. Franklin's theory is by far the most simple, and will ac- 
count for most of thMlectrical phenomena equally well with 
that of Da Fay, and therefore has been adopted by the most 
able and recent electricians. _ 

It is found that some substances conduct the electric fluid 
firom a pomtive to a neflntiTe surface with great fiicilitv, while 
odiers conduct it with aifHculty, and others not at all. Sub- 
stances of the first kind are called conductors^ and those of the 
hatt nonconductors. The electrics, or such substances as, 
being excited, communicate electrici^, are all non-conduct 
ors, while the non-electrics, or such substances as do not com- 
municate electricity on being raeTely excited, are conductors. 
The conductors are the metals, charcoal, water, and other 
fliuds, except the oils ; also, smoke, steam, ice, and snow. The 
best conductors are gold, silver, platina, brass, and iron. 

The electrics, or non-conductors, are glass, amber, sulphur, 
resin, wax, sUk, most hard stones, and me fan of some ani- 
mals. 

A body is said to be insulatedf when it is supported, or sur- 
rounded by an electric Thus, a stool, standinff on glass legs, 
is insulated, and a plate of metal laid on a ptote of glass, is 
insulated. 

When large quantities of the electric fluid are wanted for 
experiment, or tor other purposes, it is procured by an elec- 
trvsal machine. These machines are of various forms, but all 
CiHisist of an electric substance, of considerable dimensions ; 
the rvH^ber by which this is excited, the 'prime conductor^ on 
which the electric matter is accumulated, the insulator^ which 
prevents the fluid from escaping, and machinery by which 
the electric is set in motion. 



What axe the two electricities called ? From what substances aie the two 
electrictties obtained ? What are conductors? What are non-conductors 1 
What substances are conductors ? What substances are the best conductors ? 
What suhstanoes are electrioi, or non-couductors 1 When is a body said to 
beinsuUledl What are the several parts of an electrical machine? 




Fi^. S16 represents such a machine, of which A is the 
electnc, being a cylinder of ^lasa ; B the prime conductor, 
R tlie rubber or cushion, anif C a chain connecting the rub- 
ber with the ground. The prime conductor is supported by 
a. standard of glass. Sometimes, also, the pillars much sup> 
port the axis of the cylinder, and that to which ihe cushion is 
attached, are made of the same material. TTie prime con- 
ductor has seTeral wires inserted into its side, or end, which 
are pointed, and stand with the points near the cylinder. 
They receive the electric fluid from the glass and convey it 
to the conductor. The conductor is commonly made of sheet 
brass, there being no advantage in having it solid, as the 
electric flirid is always confined entirely to the surface. 
Even paper, covered with gold leaf^ is as efiective in this 
respect, as though Ihe whole was of solid gold. The cushion 
is attadted to a sbuidard, which is.fumlMied with a thumb 
screw, so that itspressure on the cylinder can be increased 
or dimiiHshed. The cushion is made of leather, stuffed, and 
at its upper «dge there is attached a flap of silk, F, by vhich 
a greater surface of the glass is covered, and the electric fluid 

What ia the ose of the pointed wiies in ihe priow ixativetoi 1 How i* it 
accounted for, that a meie sor&ce of metal wlH cont&in m much electiic 
Soi^ M thou^ it were ao&d 1 When s ^.ms of^aaa, at ■ealing wax, Ib «x- 
dla^ br rnbbuig it with the hand, or a pete <^ nllt, wheoce cinnBi tl>e (^ 
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UuMprerented, in some degree, from escaping. The efficacy 
of flie rul^r in producing ihe electric excitation is much in 
creased by spreading on it a small quantity of an amalgam ol 
tin and mercury, mixed with a little lard, or other unctuois 
siriwtance. 

The manner in which this machine acts, may be inferred 
from what bas already been said, for when a stick of sealing 
wax, or a glass tube, is rubbed with the hand, or a piece of 
silk, the electric fluid is accumulated on the excited substance, 
aiid Uierefore must be transferred from the hand, or silk, to 
the electric. In the same manner, when the cylinder is made 
to reyoWe, the electric matter, in consequence of the friction, 
leaves the cushion, and is accumulated on the dass cylinder, 
that is, the cushion becomes negatively, and the glass posi- 
tively electrified. The fluid, bein^ thus excited, is prevented 
from escapinj^ by the silk flap, until it comes to the vicinity 
of the metallic points, by which it is conveyed to the prime 
conductor. But if the cushion is insulated, the quantity o! 
electricity obtained, will soon have reached its limit, for when 
its natural quantity has been transferred to the glass, no more 
.can be obtained. It is then necessary to make the cushion 
communicate with the ground, which is done by laying the 
chain on the floor, or table, when more of the fluidf wul be 
accumulated, by further excitation, the ground being the inex 
haustible source of the electric fluid. 

If a person who is insulated, takes the chain in his hand, the 
electric fluid will be drawn from liim, along the chain to the 
cushion, and from the cushionwiU be transferred to the prime 
conductor, and thus the person will become negatively elec- 
trified. If then, another person, standing on the floor, hoU 
his knuckle near him who is insulated, a spark of electric fire 
will pass between them, with a crackling noise, and the 
equilibrium will be restored; that is, the electric fluid will 
pass from him who stands on the floor, to him who stands on 
the stool. But if the insulated person takes hold of a chain, 
connected with the prime conauctor, he may be considered 

Whoi the ciMhkm n insulaAed, why is there a fimited quantity of electrif 
fflitter to be obtained fVom iti What is then neoeaniy, that more dectrio 
0MMec may be obtained from the cushion 1 If an insulated person takes Uie 
dMJn, connected with the cushion, in his hand, what change will he pn>- 
dvoed in lim natunJ quantity of electricity? If the insulated person -tiUEes 
hM ^ die chain connocted with the prime conductor, and the maduqe be 
imM, whit then will be the change pioduced in his electrical state 1 
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m fcMnittiig ft part of the ecmliictor, tad thierefore die elecjtcw 
fluid will be sccumiilated all oyer his surface, and he will tie 
positively electrified, or will obtaiii more than his natuhil 
q^umtitv pf electricity. If now, a person standingr on the floor 
touch this person, he will receive a spark of electrieal fire 
fi*om him, and the equilibrium will again be restored. 

If two persons stand on two insulated stools, or if tjiey both 
stand on a plate of fflass, or a cake of wax, the one person 
being connected by ine chain with the prime conductor, and 
the other with the cushion, then, after working Uie machine, 
if they touch each other, a much stronger shock will be felt, 
than in either of the other cases, because the difilerence be- 
tween their electrieal states will be greater, the one having 
more and the other less than his natural quantity of electrici- 
ty. But if the two insulated persons both take hold of the 
chain connected with the prime conductor, or with that coyv- 
nected with the cushion, no spark will pass between them, on 
touching each other, because they wiu then both be in the 
same electrical state. 

We have seen, fig. 213, that the pith ball is first attracted 
and then repelled, by the excited electric, and that the ball so 
repelled will attract or be attracted, by other substances in 
its vicinity, in consequence of having received from the exci- 
ted body more than its ordinary quantity of electricity. 
Fiff. 316. % These alternate movements are amus- 

' inffly exhibited, by placing some small 

lij^t bodies, such as the figures of men 
and women, made of pith, or paper, be- 
tween two metallic plates, the one placed 
over the other, as in he. 216, the upper 

Slate coromunicatinff with the prime coiv 
uctor, and the omer with tne ground. 
When the electricity is communicated lo 
the upper plate, the little figures, being at* 
tracted by the electricity, will jump up, 
and strike their heads asainst it, and hav- 
ing received a portion of the fluid, are iiv> 
stantly repellea, and again attracted by the 
lower plate, to which they impart their eleo- 

' ■ ■ • ■ — — — ■ ' j i ' ' ■ I ■ 

kf two iiiflalated peiBons take hold of the two chains, one collected witl| 
ikt prime conductor, and the other with the cushion, what chanf^ei wiB be 
produced? 





•o feleh aad einy tks 
to die odwrt as Vmm as die upper pkte 

fm fie iWBie maimer, » 

', if dedrifiedMi llie buAe^ and plac ed oTer light sob- 

pidi baDsy wiO tmmm tkem to duice for a consider- 




ahenato attnctkNi aad rrpriwiew, by moyeaUe con- 

k aka pleasia^j iUuBtrated witk a ball, su^[>ended 

by a wSk atnaf betweea two belb of bnaa, fig. 217, one of 
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the belb being dectrified, and the other 
comnwBMcatingwith the ground. The 
alfeemale attraction ami repulsion, 
moves the bafl firom one beU to the 
other, and dms produces a continual 
ringing, (n all these cases, the phe- 
nomena will be the same, whether the 
dectiicit^ be pootive or ne^tive; 
for two bodies, being both positiyely, 
or negatiTely elecmfied, repel each 
other, but if one be electrified positive- 
ly, and the other negatively, or not at 
idl, they attract eadi other. 
Thus a small figure, in the human 
sh a pr, with die hend covered with hair, when electrified, eitliei 
poutivdy ornentively, will exhibit an appearance of the ut- 
most tOTor, eadi hair sluiding erect, and diverging from the 
olhtt, in consequence of mutual repulsion. A person stand- 
ing on an insulateil stool, and highly dectrified, will exhibit the 
same appearance. In cold, dry weather, the friction pro- 
duced by combing a person's hair, wiU cause a less d^res 
ci the aame eliect. In ^iber case, the hair will colkpse, oi 
shrink to its natural state, on carrying a needle near it, be- 
cause this conducts away the electric fluid. Instrumentir 
designed to measure the intensity of electric action, are called 
eleflroaieters. 

Such an instrument is represented by fig. 218^ It eonsisti 
of a slender rod of light wood, a, terminated by a pith ball. 
wbieb serves as an i ndex. This is suspended at tne upi>ei 

If tejr both takA hoU of the Bame ebun, what ynSL be the effect 1 ^> 
^Bsa thB leaaoniHiT the Utile images dance between the two metallic plain, 
Bg.91C. ErpbiQ fig. 317. Does it make any difierenoe in leeppct to the 
MliQa of die unages, or of the ball between me belb, whether the electii- 
fi^ be pOiHife or negalhrel When a peraon is hiriily electrified, why do^ 
hs ^W M aa ifipearanoe of the utmost (error 1 What is a^ electrmaetor 1 
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Fig. 918. part of the wooden stem &, so as to play easily 
oaekwards and forward^* The irory semicii** 
cle c, is affixed to the stem, having its centre 
eoinciding with the axis of motion of the rod, 
so as to metisnre the angle of deviation from 
the perpendicular, which the repulsion of the 
hall fronh the stem prodi!lces in tne index. 

When this instrument is us^d, the lower end 

of the stem is set into an aperture in the prime 

conductor, and ihe intensity of the electric 

action is indicated hy the number of degrees 

the index is repelled from the perpendicular. 

The passage of the electric nuid through a 

perfect conductor is never attended with light, 

Oi the crackling noise, which is heard when it is transmitted 

through the air, or along the surface of an electric. 

s^everal curious experiments illustrate this principle, for if 
fragments of tin foil, or other metal, be pastea on a piece of 
glass, so near each other that the electric fluid can pass be- 
tween them, the whole line thus formed with the pieces of 
mvtal, will be illuminated by the passage of the electricity 
from one to the other 

Fig. 219. * 





In this manner, figures or words may be formed, as in fig. 
219, which by connectinff.one of its ends with the prime con- 
ductor, and the other with the ground, will, when the electric 
fluid is passed through the whole, in the dark, appear one con- 
tinuous and vivid line of fire. 

Electrical light seems not to differ, in any respect, from the 
liffht of the sun, or of a burning lamp. Dr. Wollaston observ- 
ed, that when this light was seen through a prism, the ordina^ 
ry colors arising from the decomposition of light were obvious. 

t>e«cribe that reDTcsentcd at fig. 219, U^her with the mode ot' using iL 
When the electiic nui^ P^Mes along a perfect conductor, is it attended with 

3;ht and noise, or not ? When it passes along an electric, or through thr 
r, what i^nomena does it exhibit 1 I>escrihe the experiment, fig. 219, -i' 
tended to ulustrate this prHict[^. 
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iBlil Ibe yew 3996. "niu comett in mSi, excited the mott 
ittteaae interest among the utrononien of Europe, on acconnl 
f^, ^12. of its |;reat spparent size and 

Bnear approach to our system. 
I In the most remote part of its 
■ iirbit, its diBlance from the 
I gun was estimateil at about 
leleven thousand two huddred 
I millions of miles. Atitsnear- 
il «st approach to the sun, which 
■ . «Ti9 only about 50,000 miles, 
iig relocity, according to Sir Isaac Newton, was 980,000 miles 
in an hour ; and supposing it to have retained the sun's heat, 
like other solid bodies, its temperature must have been about 
aOOO limes that of red hot iron. The tail of this comet was at 
least 100 millions of mites long. 

In the Edinburgh Encyclopedia, article Aitronomy, there 
is the most complete table of comets yet published. This 
table contains the elements of 97 comets, calculated by difier- 
ent astronomers, down to the year 1908. 

From this table it appears that 24 comets have passed be- 
tween the sun and the orbit of Mercury; 33 between the or- 
bits of Venus and the Earth ; 15 between the orbits of the 
Dirtli and Mars ; 3 between the orbits of Mars and Ceres ; 
and 1 between the orbits of Ceres and Jupiter. It abo ap- 
pears by this table that 49 comets have moved round the sun 
from west to east,- and 46 from east to west 

Of the nature of these wandering planets very little is known. 
When examined by a telescope, they appear like a mass ol 
I'apours surrounding a dark nucleus. When the comet is 
at its perihelion, or nearest the sun, its color seems to be 
beiffhtened by the intense light or heat of that luminary, and 
it then ofVcn shines wilh more brilliancy than the planets. At 
tliis time the tail or train, which is always directly opposite to 
itic sun. appears at its greatest length, but is commonly so 
transparent as to permit the lixed stars to be Bi/ in through il 
A variety of opinions have been advanced by as^.jnomers con- 
cerning the nature and cause of these trains. Newton sup- 
G>sed that tliey were thin rapour, made to ascend by the sun's 
■at, as the smoke of a lire ascends from the earth ; while 
Kepler maintained that it was the atmosphere of the comet 
driven behind it by the impulse of the sun's rays. Othera 
What is awl of the cmmt of 1680 1 
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vuppote that thk appearance arisei from streams of electric 
matter passing away from the comet, 6lc. 

ELECTRICITY- 

The science of Electricityj which now ranks as an impor- 
tant branch of Natural Philosophy, is wholly of modern &te. 
The ancients were acquainted with a few detached facts de- 
pendent on the agency of electrical influence, but they never 
miagined that it was extensively concerned in the operations 
of nature, or that it pervaded material substances generally* 
The term electricity is derived from electron, the Greek name 
of amber, because it was known to the ancients, that when 
that substance was rubbed or excited, it attracted^ or repelled 
small light bodies, and it was then unknown that other sub- 
stances when excited would do the same. 

When a piece of glass, sealing wax, or amber, is rubbed 
with a dry nand, and held towards small and light bodies, 
such as threads, hairs, feathers, or straws, these bodies will fly 
towards the sur&ce thus rubbed, and adhere to it for a short 
time. The influence by which these small substances are drawn, 
if^cxXiedi electrical attraction^ the sur&ce having this attractive 
power is said to be excited \ and the substances susceptible 
of this excitation, are called electrics. Substances, not having 
this attractive power when rubbed, are caUed non-electrics. 

The principal electrics are amber, rosin, sulphur, glass, the 
precious stones, sealing wax, and the fur of quadrupeds. But 
the metals, and many other bodies, may be excited when insu- 
lated and treated in a certain manner* 

Afler the light substances, which had been attracted by the 
excited surface, have remained in contact with it a short time, 
' the force which brought them together ceases to act, or acts 
in a contrary dire'ction, and the hght bodies are repelledy or 
thrown away from the excited surfisuse. Two boaies, also, 
which have been in contact with the excited surface, mutuid- 
ly repel each other. 

' Various modes have been devised for exhibiting distinctly the 
attractive and repulsive agencies of electricity, and for obtain- 
ing indications of its presence, when it exists only in a feeble de* 
' gree. Instruments tor this purpose are termed Electroscopes* 

From what is the term electricity derivedl What k electrical attrac- 
tion? What are dectliesl What are non-electrics 1 W>at are the piinci. 
pal electrics I What Is meant by electrical lepuUoii 1 Whatisanel 

•^' 24 ' ' 
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Om of die simplest instruments of tins kind consists of a 
Fig.S13. metallic needle, terminated at 

eadi end by a light pith ball, 
which is covered with gold leaf, 
and supported horizontally at 
its centre by a fine point, fig. 
213» When a stick of sealins 
wax, or a glass tube, is excited, 
and then presented to one ojf 
these balls, the motion of the 
needle on its pivot will indicate 
the electrical influence. 
If an excited substance l>e brought near a ball made of pith, 
, Fig. 214. or cork, suspended by a silk 

thread, the btul will, in the first 
place, approach the electric as at 
Oj fig. 214, indicating an attrac- 
tion towards it, and if the posi- 
tion of the electric will allow, 
the ball will come into ^contact 
with the electric, and adhere to 
_ it for a short time, and will then 

recede from it, showin? that it is repelled as at b. If now the 
ball which had touched the electric, be brought near another 
ball, which has had no communication with an excited sub- 
stance, these two balls will attract each other, and come into 
contact ; after which they will repel each other, as in the for- 
mer case. 

It appears, therefore, that the excited body, as the stick of. 
sealing wax, imparts a portion of its electricity to the ball, 
and that when the ball is also electrified, a mutual repulsion 
then takes place between them. Afterwards, the ball, being 
electrified by contact with the electric, when brought near 
another ball not electrified, transfers a part of its electrical 
influence to that, after which these two balls repel each other 
as in the former instance. 

Thus, when one substance has a greater or less quantity ol 
electricity than another, it will attract the other substance, 
and when they are in contact, will impart to it a portion of this 
«tuperabundance ; but when they are both equally electrified, 
^^th having more or less than their natural quantity of elec- 

ttiafl^r, they will repel each other. 

» ■ ■ ■ t - - ■■ ■ « ■ III 

When do two electrified bodies attcafit, and when do they repel ewh. other 1 
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To account for these pheaomeiia, two theories hare been 
idranced, one by Dr. Franklin, who supposes there is only 
one electrical fluid, and the other by Du Fay, who supposes 
there are two distinct fluids. 

Dr. Franklin supposed that all terrestrial substances were 
pervaded with the electrical fluid, and that by exciting an elec- 
tric, the equilibrium of this fluid was destroyed, so that one 
[>art of the excited body, contained mor^than its natural quan- 
tity of electricity, and the other part less. If in this state a 
conductor of electricity, as a piece of metal, be brought near 
the excited part, the accumulated electricity would be impart- 
ed to it, and then this conductor would receive more than its 
natural quantity of the electric fluid. This he cdXied positive 
electricity. But if a conductor be connected with that part 
which has less than its ordinary share of the fluid, then the 
conductor parts with a share of its own, and therefore will then 
contain less than its natural quantity. This he called negative 
electricity. When one body positively, and another negoHve'* 
ly electrified, are connected by a conducting substance, the 
fluid rushes from the positive to the negative body, and the 
equilibrium is restored. Thus bodies wnich are said, to be 
positively electrified contain more Uian their natural quantity 
of electricity, while those which are negatively electrified 
contain less than their natural quantity. 

The other theory is explained thus. When apiece of glass 
is excited and made to touch a pith ball, as above stated, then 
thsrt ball will attract another ball, after which they will mutu- 
ally repel each other, and the siune will happen if a piece of 
sealing wax be used instead of the glass. But if a piece of 
excited glass, and another of wax, be made to touch two sepa- 
rate balls, they will attract each other; that is, the ball which 
received its electricity from the wax will attract that which re» 
eeived its electricity from the glass, and will be attracted by it. 
Hence Du Fay concludes that electricity consists of two dis- 
tinct fluids, wnich exist together in all bodies — ^that they have 
a mutual attraction for each other — ^that they are separated by 

How vnll two bodies act, one havinff moie, and the oAer lees than the 
natural quantity of electricity, when brought near each other 1 Bow will 
they act when both have more or less than their natural quantity^ KTplain 
Dr. Ftanklin's theory of electridty. What is meant by positive, and what 
by negative dectricity ? What ki the consequence, when a ypmye and a 
n^ntive body are connected by a conductor 1 Exdain Du Fay's fheort. 
Wnen two balls are electrified, one with glass, and the other with wax, wul 
they attract or repel each other ? 
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teets ft circle ftromid it, the radiiw of which is equal to twice 
ito length ftboye the building. .,1.1 u 

Some fishes have the power of giiing electncal shocks, the 
efl^ts of which are the same as those obtained by the fhction 
of an electric. The best known of these are the Torpedo, the 
Gyffinottis electricus, and the Silurus electricus. 

The torpedo, when touched with both hands at the same 
time, the one hand on the under, and the other on the upper 
surface, will give a shock like that of the Levden vial ; which 
shows that the upper and under surfaces of the electric organs 
are in Uie positive and negative state, like the inner and outer 
tfur&ces of the electrical jar. 

The gymnotus electricus, or electrical eel, possesses all the 
elec^cal powers of the torpedo, but in a much higher degree. 
When small fish are placed in the water with this animal, they 
arc generally stunned, and sometimes kOled, byhis electrical 
shock, after which he eats them if hungry. The strongest 
«hock of the gymnotus, will pass a short distance through the 
ftir, or across the surfece of an electric, from oiie conductor 
to uiother, and then there can be perceived a small, but vivid 
•park of electrical fire : particularly if the experiment be made 
in the dark. Galvanism* See Chemistry. 

MAGNETISM. 

The native Magnet, or Loadstone, is an ore of iron, which 
is found in various parts of Uie world. Its color is iron black, 
its specific gravity from 4 to 5, tfnd it is sometimes found in 
crystals. This substance without any preparation attracts iron 
and steel, and when suspended by a string, will turn one ol 
its sides tdwards the nortn, and another towards the south. 

It appears that an examination of the properties of this spe- 
cies of iron ore, led to the important discovery of the mag^netic 
needle, and subseauehtly laid the foundation for the science ol 
Magnetism, thougn at the present day magnets are made with- 
out this article. 

The whole science of magnetism is founded on the fact that 
pieces of iron or steel, after being treated in a certaip manner, 
a nd then suspended, will constantly turn one of their ends to- 

What animals have the power of ^vinff electrical shocks 1 Is this electri- 
dty supposed to differ from that obtained oy art 7 How must the hands be 
applied to take the electrical shock of these animals 1- What is the native 
maffiiet or loadstone 1 What are the properti<i«i of the loadstone 1 On what 
is tSie whole subject of magnetism ibunded 1 
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wards the north, and consequently the other townrds.^ soath. 
The same property has heen more recently proved to beloi^ 
to the metals nickel and cobalt^ though with much less intensity. 

The poles of a magnet are those parts which possess the 
greatest power, or in which the magnetic virtue seems to be 
concentrated. One of the poles points north, and the other 
south. The magnetic meridian is a vertical circle in the hea- 
vens, which intersects the horizon at the points to which the 
magnetic needle, when- at rest, directs itself. 

The oort^of a magnet, is aright line which passes from one 
of its poles to the other. 

The equator of a magnet, is a line perpendicular to its ax- 
is, and is at the centre between the two poles. 

The leading properties of the magnet are the (j^owing. It 
attracts iron and steel, and when suspended so as to move nree- 
ly, it arranges itself so as to point north and south; this is call- 
ed the polarity of the magnet When the south pole of one 
magnet is presented to the north pole of another, uxey will at- 
tract each other: this is called magnetic attraction, out if the 
two north or two south poles be brou^t together, they will 
repel each other, and this is called magnetic repulsion. When 
a magnet is left to move freely, it does not lie in a horizontal 
direction, but one pole inclines downwards, and consequently 
the other is elevated above the line of the horizon. This is 
called the dipping, or inclination of the magnetic needle. 
Any magnet is capable of communicating its own properties 
to iron or steel, and this again will impart its magnetic virtue 
to another piece of steel, and so on indefinitely. 

If a piece of iron or steel be brought near one of the poles 
of a magnet, they will attract each other, and if suffered to 
come into contact, will adhere so as to require force to sepa- 
rate them. This attraction is mutual ; for the iron attracts die 
magnet with the same force that the magnet attracts the iron. 
This may be proved, by placing the iron and magnet on pieces 
of wood floating on water, when they will be seen to approach 
each other mutually. 

The force of magnetic attraction varies with the distance in 
the same ratio as the force of gravity; the attracting force be- 

What other metalsbcttdes iron possess the magnetic propertjr 1 What aie 
the poles of a magnet 1 What is the axis of a magnet 1 What is the equator 
ofamagnetl What is meant by the polan^ of a magnet 1 Whoddotwo 
magnets attract, and when repslflwh other 1 What isundmtood hytfas 
dipping of the magnetao oeedlel 



ii^ iBPtnAr m die Mfoue of die dietenee betireen die nuif- 
MlsidieMa. 

Hie BMigaedc finee u moi weotSblty adected by die interpa 
ailMMi of any iHbitaaee eseept dmee eontainiiig iron, er steeL 
Thoi» if two w mgu t tB, or e megiiet and piece of iroiw attract 
olher with a eertaia foreey this force will be the aame, if 



a plate of cIbm» wood, or paper, be fdaeed b et w e en them. 
Neilher wilf the force be altered, br placing the two attracting 
bodies mder water, or in the enansted receiver of an air 

rmn. Tin proyes that the magnetic influence passes equal- 
JSa duoa^. gkM. wood. p*per, wmter, ,idTTKi»m. 

Heat weakene the attractive power of the magnet, and a 
white heat entirely destroys it Electricity will diange the 
poles of the magaetie needle, and the explosion of a small 
quantity oi gun-powder on one of the poles, will hare the 
same eoisct 

The attractiTe power of the magnet may be increased by 
permitting a piece of steel to adhere to it, and then suspendinff 
to the steel a litde additional weight every day, for it wifi 
sustain, to a certain limit, a little more weight on one day, 
than it would on die day before. 

Small natural magnets wiD sustain more than large ones in 
proportion to their weight It is rare to find a natural mag- 
net, weighing 20 or 30 grains, which will lift more than thirty 
or forty times its own weight But a minute piece of natural 
magnet, worn by Sir Isaac Newton, in a ring, which weighed 
only diree grains, is said to have been capiu)le of lifting 746 
grains, or nearly 260 times its own weight 

The magnetic property may be communicated from the 
Isadstone, or artificial magnet, m the following manner, it be- 
ing undentood that the north pole of one of me magnets em- 
ployed,, must always be drawn towards the south pole of the 
new magnet, and that the south pole of the other magnet «n- 
ployed, IS to be drawn in the contrary direction.^ The nordi 
poles <^ magnetic ban are usually marked with a line across 
diem so as to distinguish this end from the other. 



How n it pRMwd that the iron ftttnusts the magnet with the sasM feice 
that the magnet attnda the iron 1 How does the force of ma^pietic attno- 
tioa vaiy with the diihrnce? Does the magm^ie fbioe Tanr with the inter- 
pofltion of any aubetance between the attracting bodies ? What it the efiect 
of he«|t OD the nuttnet 1 What is the effect of ekxttkhy, or the ezpkieion or 
gUQ^amnlar on it 7 Bam may ti»a power of a magnet he inenaaeci 1 What 
M MiooMiceniing the oomparattve powers of groat and small "^fgnftt 1 
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Place two magnetus 
ban, a and &, fig. fS3j so 
tiiat the north end of one 
mav be nearest the south 
end of the other, and • at 
sach a distance, that the 
ends of the steel bar to be 
touched, may rest upon 
them. Haying thus arranged them, as shown m the figure. 
take the two magnetic bars, d and e, and apply the south end 
of 0, and the north end of J, to the middle of me bar c, eleva* 
ting their ends as seen in the figure. Next separate the bars 
e and (2, by drawing them in opposite directions along the 
surface of c, still preserying the eleyation of their ends ; then 
remoying the bars d and e to the. distance of a foot, or more 
from the bar c, bring their north and south poles into contact, 
and theji having again placed them on the middle of c, draw 
them iu contrary directions, as before. The same process 
must be repeated many times, on each side of the bar, c, when 
it will be found to haye acquired a strong and permanoit 
niiurnetism. 

if a bar of iron be placed, for a long period of time, in a 
north and south direction, or in a perpendicular position, it 
will often acquire a strong magnetic power. Old tongs, po- 
kers, and fire shovels, almost always possess more or less 
magnetic virtue, and the same is found to be the q^e with the 
iron window bars of ancient houses, whenever they have hap^ 
pened to be placed in the direction of the magnetic line. 

A mOfgnettc needle^ such as is employed in tne mariner's and 
surveyor's compass, may be made by fixing a piece of steel on 
a board, and then drawmg two magnets from the centre to* 
wards each end, as directed^ at fig. 233. Some magnetic 
needles in time lose their virtue, and require iigain to be 
magnetized. This may be done by placing the needle, still 
suspended on its pivot, between tne opposite poles of twb 
magnetic bars. While it is receiving the magnetism, it will be 
agitated, moving backwards and forwards, as though it were 
animated, but when it has become perfectly magnetized, it will 
remain quiescent. 



£zpltin Stg. 233, and deaciibe the mode of making a nu^^net. In wlial 
uMiliom doMM of inm become macnetie spoBtaneooaly 1 aom maj a nee- 
& be mafllBlted wkbN* Nmoviaslt ihnn ill 1^ 
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The dip^wt ineHmaiion of die magnetie needle, is its deria 
tMMi from its borbonta] position, as already mentioned. A 

Siece of steel* or a neeifle, which will rest on its centre, in a 
irectioii pawJlel lo the horizon, before it is magnetized, win 
aAerwards indine one of its ends towards the earth. This 
property of the magnetie needle was cUscovered by a compass 
maker, who, bavins finished his needles before they were 
mafnelized, found that immediately afterwards, their north 
enas indUned towards the earth, so that he was obliged to add 
small weights to their south poles, in order to make them 
balance^ as before. 

The dip of the magnetic needle is measured by a graduated 
cirrle, placed in the vertical position, with the needle sus- 
pended by its side. Its inclination from a horizontal line 
markfd across the face of this circle, is the measure of its dip. 
The circle, as usual, is divided into 360 degrees, and these 
into minulies and seconds. 

The dip of the needle does not vary materially at the same 
p)ac<N» but diflers in diflferent latitudes, increasing as it is car- 
rKHi towards the north, and diminishing as it is carried to- 
war^;$ the south. At London, the dip for many years has 
%an<tl litUe from TSt degrees. In the latitude of 80 degrees 
iKVth« the dipi according to the observations of Capt Parry, 

\UVHt^ m iBeaefal terms, the magnetic needle is said to 
|NX«t iKsrth aad sMith, yet this is very seldom strictly true, 
uSv'^v Srir^ a varialiiMi in its direction, 'which differs in degree 
41? v: tVry^i timtu attd places. This is called the variation^ 
vc > \, w^rtvMi^ fMTlhe magnetic needle. 

I'^^^ >amrKMi b determined at sea, by observing the differ- 
«t'; tx'itit^ «f the eempasa at which the sun rises, or sets, and 
Cvs-^ xin*^ iWin with the true points of the sun's rising or 
MT*.. ^^ a<N>Nr>lM^ K^ aalr^MHMnucal tables. By such observa 
t.^'.^x a Imk» Wesi aerertaioed, that the magnetic needle is 
vn^^ uHMJtN d^r<ehiMH^ aileniald^ to the east, or west, from due 
4N^ivV «Ml iIniI iIms vnurtalkin didfers in different parte of the 
xsv*\U a4 th* stfeme limek and at the same place at different 
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In 1580 the needle, at London, pointed 11 degrees 15 min- 
utes east of north, and in 1657 it pointed due north and south, 
so that it moved during that time at the mean rate of ahout 9 
minutes of a degree in each year, towards the north. Since 
1657, according to observations made in England, it has de- 
clined gradually towards the west, so that in 1803, its varia- 
tion west of north, was 24 degrees. 

At Hartford, Con. in latitude about 41, it appears from a re- 
cord of its variations, that since the year 18^1, the maornietic 
needle has been declining towards the west, at the mean rate 
of 3 minutes of a degree annually, and that on the 20th of July, 
1829, the variation w^s 6 degrees 3 minutes west of the true 
meridian. 

The cause of this annual variation has not been demonstra- 
ted, though according to the experiment of Mr. Canton, it 
has been ascertained, that there are slight variations during 
the dilKrent months of the year, which seem to depend dn the 
degrees of heat and cold. 

The directive power of the magnet is of vast importance to 
the world, since by this power, mariners are enabled to con- 
duct their vessels through the widest oceans, in any given di- 
rection, and by it, travellers can find their way across deserts 
which would otherwise be impassable. 
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